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F you are a user of Linde Oxygen you are privileged to call 
upon Linde Process Service for assistance and advice in welding 


any commercial metal, ferrous or non-ferrous. 


This service brings to your problems the wealth of welding 
experience Linde has gained over many years of pioneering the 
oxy-acetylene process. It will effectively supplement the work of 
your own engineers. It will help you organize your welding oper- 
ations for maximum speed, economy and dependability. 


In short, it translates proved methods and well-established labo- 
ratory findings into actual factory or field operations. Here are 


some of the things Linde Process Service has done: 


It cooperated with aircraft engineers in oxwelding aluminum 
sheet into a finished product accurate to one-thousandth of an inch: 


It helped a chemical plant fabricate copper coils by bronze weld- 
ing ... which coils were resistant to corrosion from acetic acid 
and prevented losses of vapor or condensate. 


It showed another manufacturer how to weld chrome-nickel ex- 
haust piping for effective resistance to the corrosive action of exhaust 


gases. 


These examples, selected from thousands, illustrate the versatility 
of Linde Process Service. They show why users of Linde Oxygen 
gain much extra value from their use of the oxy-acetylene process. 
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WHAT ITS ALL ABOUT 


HEN a great and complicated machine breaks 
down or functions badly, engineers take a natural 
interest in it and are likely to look into the fundamental 
reasons for the trouble. Society is such a machine. 
Never a perfectly operating mechanism, it creaks, groans, 
falters, and breaks its parts more frequently at some times 
than at others. Today it seems to be a chaotic wreck. 
In few places in the world is it functioning normally. 
In most of the larger countries it seems hopelessly out 
of gear. More insistently during recent months, but 
always by thoughtful persons, the machine and its 
troubles have been the subject of careful study, and if 
good can come from misfortune it may transpire that 
adversity may yet disclose its ‘“sweet uses’’ and become 
the harbinger of better times. 
Students of our social 
numbered reasons, primary and contributory, for the 


system have advanced un- 
breakdown of its functions, and a frequently mentioned 
group of causes is laid on the doorstep of the engineer. 
Now engineers may refuse to open the door and acknowl- 
edge their responsibility; they may protest loudly their 
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innocence; but the more thoughtful of them will blind 
themselves neither to the fact nor to its implications, 
but will ‘‘see truth dawn together’’ in a study of the 
charges and thereby develop their understanding, 


AST December, having in mind generally the world's 

economic and social ills, and addressing himself to 
members of the scientific honor Society of the Sigma Xi 
at the Annual Meeting of the American Association for 
the Advancement of Science, C. F. Hirshfeld undertook 
to answer the question, ‘Whose Fault?’’ by placing an 
uncomfortable share of the blame upon the shoulders of 
scientists and engineers. 

Mr. Hirshfeld is a practical sort of thinker. He works 
and lives in an atmosphere of rapidly changing and very 
novel ideas. Many of these ideas are so new and strange 
that they would be condemned without investigation by 
a less perspicacious man, but with keen analytical think- 
ing, logical imagination, and that powerful tool of 
modern progesss, research, Mr. Hirshfeld tests the ideas 
that come before him with the persistent zeal that char- 
acterizes searchers after truth. When he speaks, engi- 
neers must perforce listen. 

‘IT am convinced,’’ he says—and his complete address 
is the leading article of this month’s Mecuanicat ENG 
NEERING— ‘that the major ills of the world today and 
for some time past are due largely to those of us who 
have advanced science and the application of science, 
and,’’—now we come to the most unkindest cut—‘who 
have almost criminally refused to give serious thought to 
the collateral results.” 

This wholesale indictment challenges every engineer, 
and is based upon a conception of professional obliga 
tions and responsibilities that MecHanicat ENGINEERING 
has emphasized consistently. 


R. HIRSHFELD is not one of those who sigh for 

Edenic innocence and a return to the so-called 
golden ages of the past. He recognizes as keenly as any 
one the astounding advances that science and engineer 
ing 
rise in the standard of living that has come as a result 
But he has not blinded himself to the rank crop of 
economic and social problems that have developed as 


have made possible in society, and the enormous 


the collateral results of these material blessings. 
Research is the means by which we shall solve these 
problems, and so, while Mr. Hirshfeld gives engineers 
and scientists a large order, he provides them and 
others who have a more immediate concern with eco 
nomic and social evolution a tool by means of which they 
may be able to fashion none but beneficial products from 
the raw materials provided by the progress of science 




















, | ‘WO important implications, among others, follow 


from Mr. Hirshfeld’s argument. First is the in- 
creased importance and significance of engineering in 
the social and economic world. Second is the growing 
demand for men of high character and broad human 
sympathies and understanding to make up the profession 
of engineering. The profession is no greater than its 
practitioners, and their quality depends upon the char- 
acter of the men inducted into it, the ideals they hold, 
and the education they receive. None but the best will 
do, for as time goes on the world will expect more of the 
engineer. Not only upon his knowledge and skill, but 
upon his wisdom to put these to good usc, does real 


progress depend. 


I the query, 


sentence of R 


Hirshfeld is not alone in his answer to 
“Whose Fault?”’ 


H. McCarthy's discussion of a specific 


is proved by the opening 


instance of the interplay of professional and social factors 
involved in the serious disturbances caused by distinct 


efficiency gains. These gains have been economically 


justifiable in most cases, but in many instances they have 
resulted in throwing men out of work. One point of 
view on this problem was expressed in MecHanical 


Elliott Dunlap 
Smith, who, working with the Yale Institute of Human 


ENGINEERING for January, 1931, by 


Relations, has applied the research method recommended 
by Mr. Hirshfeld to social problems. Mr. McCarthy 


discusses another phase of the problem. 


Eien KLING an economic aspect of the broad ques- 
tions raised by Mr. Hirshfeld, W. H. Rastall, chief 
of the Machinery Division of the Bureau of Foreign and 
Domestic Commerce, gets right down to brass tacks and 
statistics in a survey of the machinery industry's re- 
actions to the business cycle. Inasmuch as a majority 
of mechanical engineers are mixed up in the machinery 
industry in one way or another, Mr. Rastall’s study of 
their problem should prove enlightening and stimulate 
some constructive thinking. 


A. it is impossible to get away from Mr. 
Hirshfeld’s article, for the present issue of MecHANI- 
cAL ENGINEERING contains another paper related to it. 
G. L. Studley, in a paper entitled ‘‘Economic Lot Sizes,”’ 
applies mathematics to the determination of economic 
production quantities. He bases his paper on the work of 
Prof. Fairfield E. Raymond, of M.I.T., which deserves 
throughtful study as the basis of a rational approach to 
problems of production, capital investments, replace- 
ments, etc. 


ND so we have worked ourselves down to two 
papers of more purely technical interest—one, 
by W. J. King, on ‘‘Heat Transmission,"’ the first of a 
series that will present the most recent knowledge on 
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this important subject, and the other, by J. H. Keenan, 
on a ‘Steam Chart for Second-Law Analysis’? which 
will find wide application in problems where thermo- 
dynamic availability is a controlling factor. 


E CANNOT emphasize too strongly nor in too 

many ways the function that Mecuanicat ENat- 
NEERING is trying to perform. By means of articles of 
broad appeal, so brilliantly illustrated this month by 
Mr. Hirshfeld’s Sigma Xi address, it attempts to bring 
together all engineers in an analysis of common interests. 
By its strictly technical articles it makes a contribution 
to the literature of mechanical engineering. Through 
the Survey, the Synopses of A.S.M.E. Papers, and the 
selected items from the Engineering Index it presents a 
broad panorama of the literature of the profession that is 
available in other technical periodicals received by the 
Engineering Societies Library. It is the policy of the 
editors to apportion these diverse elements of the general 
and the specific as skilfully and as intelligently as 
possible, and to maintain a well-balanced ‘‘ration’’ every 
month, relating the contents as closely as possible to what 
is going on in the world and to the needs of all readers. 








Could Watt Have Known What Steam Would Mean to the Modern World? 








WHOSE FAULT? 


E ARE in the midsc of 

one of those cataclvs- 

mic happenings which 
lead us to question the navigating 
abilities of those in charge of our 
ships of state and of our ships of 
commerce. We as a nation have 
been plunged rather suddenly from 
a state of comparative prosperity 
and bliss to the depths of a depres 
sion. Without study of earlier 
similar happenings we are all per 
fectly willing to admit that this 
particular depression is without 
parallel. To make matters most 
complicated, we find that the phe 
nomenon is practically world 


By C. F. HIRSHFELD: 


1 believe I am right in assuming that this cloud is of our own making, 
and that it will continue to oppress us until we have the sense and the 
ingenuity and the determination to apply the research method to those 
larger problems that we unwittingly created and nurtured as we applied 
that tool to its more simple and more obvious uses.... I am convinced 
that the major ills of the world today and for some time past are due 
largely to those of us who have advanced science and the application of 
science, and who have almost criminally refused to give serious thought 
to the collateral results. To my mind it is our fault that a civilization 
capable of producing a surplus of foodstuffs, of material goods required 
for living, and even of luxuries, a civilization capable of yielding surplus 
earnings and leisure time to all who are willing to work, finds itself beset 
by all sorts of little-understood economic upheavals, wars, and social 
rebellions. But I am satisfied that we can do much to make this collection 
of peoples happier and their lives much more worth while if we will make 
an honest attempt to apply the research method to the solution of that 





wide. Something has upset this 
machine that we have built with 
such an outlay of brains and 
brawn. Now, in characteristic fashion, we are engaged 
in asking whose fault it is that we find ourselves thus 
submerged in a maelstrom of destruction. Certainly 
we should like to discover what measures are required 
to raise us out of the present depths and to prevent the 
recurrence of such a frightful and horrible experience, if 
we succeed in surviving this one. 

The question is on every tongue, it appears in our 
newspapers and periodicals, it is the talk of the market 
place, the public square, the business office, and the 
home. And, as usually happens, there are almost as 
many explanations as there are individuals with sufficient 
temerity to express themselves on the subject. 


MAJOR HAPPENINGS IN AFFAIRS OF MEN NOT 
SPONTANEOUS 


A minute's thought will convince you that major 
happenings in the affairs of men are not spontaneous, 
such occurrences generally represent the easily observ- 
able consequences of mere cr less submerged and un- 
noticed movements which have been long in existence. 
Sometimes the period is measured in years, sometimes in 
centuries, and sométimes in milleniums. One of our 
sreat weaknesses is that, even if we recognize the neces- 
sity of looking to the past for explanation of the present, 
we are prone to look only to the most recent past. In 
many Cases it is necessary to go back to much more 
remote periods. 

I may illustrate this statement with a reference to 


Chief of Research, The Detroit Edison Company, Detroit, Mich. 
Mem. A.S.M.E. 
Sigma Xi Lecture delivered at the Annual Meeting of the American 
Association for the Advancement of Science, New Orleans, La., Decem- 
ber 29, 1931. Slightly abridged. 


large class of problems involving huge masses of people. 


that which the majority of this audience represents: 
namely, science. Confronted with a mass of scientific 
knowledge of colossal magnitude which has been pro- 
duced within a few short decades and much of it since 
the beginning of the present century, the man in the 
street regards science as a very recent development. 
You, who know its history, realize that it has its roots 
so far back in human experience that we find traces of it, 
in one form or another, in many of the earliest civiliza- 
tions of which we have record. That which appears 
today in all its glory is not a spontaneous development 
of our era; it is but one phase of a long evolutionary 
process. And those of you who are scientists will 
readily agree that our present-day science does not mark 
the end of this evolution, is not its culminating phase. 

May it possibly be that many of us who have been 
studying the phenomena of the present disturbed con- 
dition of world affairs and who have attempted to ex- 
plain them have confined our attention too much to 
recent events and have ignored too greatly certain earlier 
happenings? To my mind one cannot properly place 
the blame for the present conditions without considering 
events depicted in a long movie film, whereas most of us 
are satisfied to study only a few of the most recent 
exposures. 

In my view it is necessary to pick up the study of this 
film at least as far back as about 1500 a.p. Somewhere 
about that time begins the development of what may 
te called modern science and modern scientific methods. 
I believe that at about that time man began to recognize, 
in a general sense, the significance of what we now call 
the research method of advancing knowledge. Since 
then we have accumulated information regarding natural 
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phenomena at an ever-increasing rate, and we have 
builded a structure of which we may well be proud. 

While this great succession of original thinkers and 
workers of which you are now a part has been busily 
engaged in determining the facts about the universe in 
which we live, in lifting man out of the abysmal ignor- 
ance in which he appears to have been set upon this 
globe of ours, another equally fervent group has been 
engaged in an equally significant endeavor. Your 
group may well be designated as the scientists; or, 
possibly, the natural scientists; it is not so easy to 
find a comprehensive name for the other. Perhaps 
appliers of science or utilizers of science will serve. The 
group is made up of inventors, engineers, doctors of 
medicine, agricultural experts, and so on through a 
long list. It is composed of those who take the findings 
of the scientist and apply them to human affairs. This 
group, like yours, utilizes the research method as a 
means of advancing knowledge and the application of 
knowledge. 

For the purpose of illustrating what I have to say to 
you, first I shall ask you to transport yourself mentally 
back to the Europe of the eighteenth century, when the 
flower that men like Galileo had planted was just be- 
ginning to blossom with the science that we know 
today, and when the engineer and other apphers of 
scientific teachings were beginning to work in a large 
way. Think of the changes that successively passed 
over the face of Europe as these pregnant developments 
occurred as the so-called industrial age unfolded. Re- 
call the way in which the tool that we now call the 


research method opened up ever-widening fields of 


knowledge and ever-increasing possibilities for the 
practical application thereof. And realize that such 
practical applications spelled opportunity and wealth 
then as they do now. 

Now, please remember that, at the beginning of these 
happenings in Europe, this nation of ours was a simple, 
agricultural state, very young, very small, and very poor. 
That which is now our country had been partitioned 
among the powers, as had the rest of the world. By 
various means we acquired first one part and then 
another, until finally we discovered ourselves in posses- 
sion of a huge empire, all in one piece. It contained 
almost all that the heart could desire: tremendous 
areas ideally suited to agricultural pursuits of many 
varieties, wealths of minerals of all sorts, climates 
varying from the most rigorous to the near-equatorial, 
game in abundance, and, best of all, room for all and 
for many more. 

We did not need to trouble over the shifting boundaries 
of Europe, over its jealousies and competitions, over its 
highly entertaining though fearfully serious check and 
countercheck. And we did not. 


UNDREAMED-OF DEVELOPMENT OF APPLICATIONS OF 
SCIENCE IN AMERICA 


In such an atmosphere the application of science found 
an opportunity to develop in a way not previously 
dreamed of. Size and quantity limitations were very 
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largely absent, and big thoughts sprang up in the minds 
of big men, untrammeled by the constricting conditions 
existent in Europe. It was a glorious existence. We 
lived, in general, at peace with our neighbors; we 
waxed wealthy, but continued to possess sufficient vigor 
to keep us from getting fat and flabby. 

We had, to be sure, our periods of economic ill health, 
but we were young and possessed of that youthful vigor 
which spells early convalescence and rapid recovery. 
We made our mistakes, but they were swallowed up in, 
our successes. We boomed along in a blissful, easy, 
youthful fashion without many serious cares and with- 
out any real appreciation of the worries of our elders 
across the water. 


rTHE DEBACLI 


And then the heavens fell! Suddenly Europe was 
convulsed. Her soil rang to the tread of armies of un- 
believable size, and the air was rent with explosions of 
unprecedented magnitude and number. All was con 
fusion. 

And while we watched we had the opportunity to 
make several startling discoveries. One, and not the 
least, was that just as Europe started this grand con- 
flagration, Gur own country, for some inexplicable rea 
son, slowed down. Were we in fact in some way so 
intimately tied to the Old World that its troubles could 
have such an immediate effect upon us? 

Before we had really had time to digest this horrible 
thought and to weigh its consequences, the belligerents 
found their own resources inadequate and came to us for 
ever larger supplies. In our youthful enthusiasm we 
entered heartily upon this new game. After these 
curious and apparently crazy people in Europe had 
sent us all of their own wealth that they could possibly 
break loose for that purpose, we had a plenitude 
Why not lend it back to them, and then let them pay us 
with it? And so we went blissfully on our way, getting 
richer and richer in the possession of promissory notes 
of different sorts. 

And then, after voting conscientiously and over 
whelmingly to keep ourselves out of the war, we sud 
denly found ourselves in the thick of it 

During this period we made two discoveries. The 
first was that our Government needed untold billions 
of dollars to carry on this queer game in which we had 
somehow become enmeshed. The second was that 
these undreamed-of sums could actually be obtained by 
borrowing from everybody in the couatry in exchange 
for Government promises to pay. 

Finally, the outward and easily visible signs of the 
storm ceased. We with our newly found companions 
in arms reached agreement with our erstwhile opponent 
and called the whole thing off. And then we all en- 
deavored to pick up our lives where we had left them 
before the storm. But we found ourselves most alarm 
ingly changed. We had become the world’s bankers 
Where before we had in various ways been a huge 
borrower, we now found ourselves a huge lender. We 
found that, whether we liked it or not, we had to grow 
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up rather suddenly and to give serious thought to those problems on the 
other side of the water that had always seemed so foolish and meaning- 
less to us. 

THE RUDE AWAKENING 

To say the least we had arude awakening. But after all, we possessed 
duly elected and properly appointed individuals whose business it was 
to handle such knotty problems. Why should we worry about them 
ourselves? We still had plenty of money. We had recently dis- 
covered what the population of the country could produce in exchange 
for properly executed promises to pay. 

We soon discovered the fallacy of many of the old and threadbare 
teachings of business and of economics. We discovered that land need 
not be purchased with any regard to its value for a specific purpose in a 
specific community, or with any consideration of competitive land 
values. We found that stocks, representing equities in industrial en- 
terprises, need not be purchased with any regard for present earning 
capacity and dividend-paying ability. We found it unnecessary to keep 
production within the present 
capacity of the consumer to 
pay. Take his note for future 
payment during the course of JAMES WATT 





FROM THE WORK OF WATT, OF WHITNEY, AND OF PASTEUR 

INCALCULABLE RESULTS HAVE SPRUNG-—-UNLIMITED ME- 

CHANICAL POWER, QUANTITY PRODUCTION OF GOODS AT LOW 

COST, AND THE SAVING OF MILLIONS OF LIVES FROM THE 

RAVAGES OF DISEASE. THE PROBLEMS THAT HAVE ARISEN 

IN THE WAKE OF THESE AND OTHER GREAT DISCOVERIES CAN 
BE SOLVED BY THE METHODS OF SCIENTIFIC RESEARCH 


the next two or three years 





In some miraculous way he 

LOUIS PASTEUR will continue to earn more and 

more and be able to go more 

and more into debt in order to keep the wheels of industry turming at 

an ever-increasing rate. And, if he tires of this sort of thing, if he 

shows signs of fag, just titillate his acquisitive spirit with new de- 

signs which will cause him to throw away his obsolete and only partly- 
paid-for acquisitions. 

And what ended this merty round? To my mind our downfall 
was due principally to a very sudden return of sanity. Some of us sud- 
denly thought of questioning the assumptions on which we were pro- 
ceeding. That was all that was necessary. Just as soon as we seriously 
questioned the idiotic instruments of credit and other sorts of paper 
that we had been accepting at face value, we discovered that many of 
them were well-nigh valueless. 

You see, I answer the question of who is responsible for our present 
local difficulties very simply by saying ‘‘Ourselves,"’ you and I, and 
the rest of us. 





ECONOMIC LAWS BUT THE GENERALIZATIONS OF HUMAN PSYCHOLOGY 


We discuss very seriously the possibility of eliminating the business ELI WHITNEY 
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cycle and thus preventing the alternating periods 
of prosperity and depression that we are familiar 
with. We speak and act and think as though some 
sort of impersonal economic laws control such things, 
and we consider the possibility of modifying these laws 
or restricting their action so as to level out these in- 
dustrial hills and valleys. But, to me economic laws 
are but generalizations of human psychology. If this 
be so, we must find some way of modifying the instinc- 
tive actions of human beings if we are to pre- 

vent the continuing recurrence of such cycles. 

However, reaching the conclusion that 

we have simply been caught in 

the sweep of history and 

are ourselves, all of us, 

to blame for our 

present local 

difficul- 














Keystone 


Underwood 


THE MECHANIZATION OF THE FARM DID MORI 
THAN TO SAVE LABOR AND INCREASE PRO- 
DUCTIVITY, IT BROUGHT ABRUPT SOCIAL 


CHANGES TO THE OLDEST OCCUPATION OF MAN 


ties, is not my principal purpose this evening. I am 
concerned with something much larger and, I believe, of 
much more serious portent. I want to place before you 
for consideration a thought which goes much deeper 
than the cause of any single economic depression, re- 
gardless of its magnitude and its seeming seriousness. 

Before doing so, however, I want to point out a 
strange characteristic of the work of the appliers of 
science. These people have produced very marvelous 
changes in human life by using the tools that you 
scientists placed in their hands. Some of these changes 
are undoubtedly good and therefore desirable. But 
accompanying each of these are others which it is 
more difficult to evaluate. 

Consider for just a minute one of the things that the 
doctors of medicine have done in their efforts to better 
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the human lot. They have banished from civilized 
nations many of the plagues that harassed them and 
took terrific toll of their numbers in the past. Cer- 
tainly, in this respect, they have lessened the sufferings 
of humanity and have thus improved its heritage. 
But, they have disturbed a natural phenomenon which 
automatically limited populations. Who shall 
what will come out of it? Does it necessarily lead to 
wars of extermination, with temporary victory to the 
temporarily most fit? 


Say 


WHAT THE ENGINEER HAS DONI 


Or consider the member of the science-applying group 
that we designate as the engineer. One of his actuating 
motives is the use of the scientists’ discoveries for the 
improvement and enrichment of the materialistic sides 
of human life. He recognizes that, while the Garden 
of Eden may have been an ideal habitation for the 
human being, al! other sections of the earth 

always left very much to be desired. It is his ambi- 

tion to make life in these other sections as plea- 
He hopes, and believes, that 
other and better, non-materialistic results 
will follow as a 
quence. 


have 


sant as he can. 
direct conse 
It is he that devises 
and constructs your 
means of transpor- 
your 
systems 


tation, 














of communi- 
Cation, your mul- 
titudinous methods 
of doing things that you 
desire to do with less expendi- 
ture of muscular effort and with 
less expenditure of time. He it is 
who does those things that bring the lux- 
uries of yesterday to the enjoyment of the many. 

But in doing these things, the engineer, like the docto 
of medicine, opened up a veritable Pandora’s box.  Littl« 
did he dream, in his innocence, of the tremendous socia! 
and economic forces that he was releasing. It is very 
obvious, for example, that the modern city could not 
exist if it were not for the works of the engineer. It Is 
he who provides all the multitudinous services an 
structures that constitute it physically and upon whic! 
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its life depends. But in doing these things he has 
done many others which probably did not even enter 
his consciousness at the time. He has speeded up the 
tempo of life to a point at which many serious thinkers 
begin to question the physical ability of man to endure. 
He has produced an abominable and nerve-racking jumble 
of noises which certainly take their toll of the beings 
who live in their midst. He has produced an atmos- 
phere laden with nuclei of condensation which, in the 
absence of strong winds, hangs over his metropoli- 
tan masterpiece and excludes light, and particularly 
the ultra-violet which is now believed so essential to 
our physical well-being. 


MUCH YET TO BE DONE 


Some of these things he can undo without eliminating 
the advances, if advances they be, which brought them 
about. Thus, the engineer is now engaged in the re- 
duction of city noise and in the improvement of city 
atmosphere. There is nothing impossible in either; 
it is merely a question of what we can pay or are 
willing to pay for such improvement of 
conditions. On the other hand, cer- 
tain of the results of his en- 
deavors are outside his con- 
trol. The increased 
tempo of life serves 
as an ex- 
ample. 





Again, by 
substituting me- 
chanical and electri- 
cal power for human mus- 
cles, both in transportation and in 
various sorts of productive processes, 
the engineer has set up a condition which 
may well lead to serious physiological conse- 
quences. Where we formerly exercised our bodies 
and preserved a certain degree of physical fitness as a 
necessary result of our daily activities, things are now 
so arranged that we conduct these affairs with hardly 
an appreciable physical effort. What obscure but far- 
reaching changes may be expected to follow such de- 
partures from the conditions under which these bodies 

of ours were developed? 
If you will give thought to the activities of all those 
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who apply science to human affairs, you will discover 
that the twofold character which I have indicated in 
the work of the doctor of medicine and in the work of 
the engineer is present in the case of all. As soon as 
we disturb what may be called a natural order of things— 
perhaps I should say an inherited order—we produce not 
only the result that we desire but one or more others 
which follow as direct consequences. These others may 
be good or bad. As human beings we have neither the 
capacity to predict all consequences nor the 
inclination to attempt to do so. 
With this viewpoint developed, 
let us return to that film of 
mine. Starting at the period 
I have chosen, it shows 
a long succession 
of scenes, in 
the first 
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IMPROVED METHODS OF TRANSPORTATION HAVi 

BROUGHT THE PEOPLES OF THE WORLD TOGETHER 

MORE EFFECTIVELY ON MISSIONS OF PEACE AND 
WAR, OF GOOD-WILL AND DESTRUCTION 


of which the early scientists figure prominently. By la- 
borious development of the research method and by its 
painstaking application they are seen accumulating a 
mass of data now generalized under the title of *‘natural 
science."" Interspersed with these scenes are others in 
which the appliers of science may be seen struggling 
over the problems of utilizing these early findings. You 
see them gradually learn the art of converting new 
discoveries to practical ends. 

As the film unrolls further you ultimately discover the 
engineer inventing, improving, and applying the steam 
engine in the eighteenth century, and later harnessing 
electricity for commercial use. You note the ever- 
increasing rate of progress. Man becomes more and 
more powerful as he learns to bend to his purposes the 
tremendously powerful forces of prodigal Nature, and 
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THROUGH THE INGENUITY OF MAN, POWER IS NO LONGER 

THE PREROGATIVE OF FAVORABLY LOCATED COMMUNITIES. 

ITS CIVILIZING INFLUENCE IS CARRIED TO REMOTE SECTIONS 
OF THE COUNTRY, AND OVER NATURAL BARRIERS 


as he learns to utilize the stores of materials that Nature 
has placed in the ground, in the waters, and in the 
atmosphere. The continued use of the research method 
by scientists and by appliers of science is seen to bring us 
at an ever-increasing tempo from the early beginnings of 
power application in England to the hugely mechanized 
civilization that we know today. 


NEW SOCIAL PROBLEMS ARISING FROM NEW 
APPLICATIONS OF SCIENCE 


If you look carefully at the film you will discover 
that each new application of science ultimately brings 
in new problems of political, social, and economic 
characters; new puzzles in government and in human 
relations, new questions in international relations, new 
problems with respect to health and well-being of 
individuals and of populations, new financial require- 
ments, new sorts of crimes, and so on through an endless 
list. These have been the by-products of our work 
and have often developed into things of even greater 
importance than our primary products. 

You of the laboratory know that it only requires 
sufficient skill and perseverance to solve what appear to 
be the most difficult problems in connection with any 
one of the commonly recognized natural sciences. We 
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of the applied-science group recognize also that our 
problems in the physical application of the principles 
deduced by you are readily solvable by the research 
route. But, many of the problems that have confronted 
man along the road he has traveled in the application 
of science to life have been quite different in character. 
It is difficult to describe in a few words this difference. 
The best that I can now do is to say that they always 
involve people in large groups. I do not mean in- 
dividual mobs which can be isolated at any instant of 
time. I mean large sections of populations or entire 
populations as they pursue their daily lives. They are 
the problems that we group as political, social, and 
economic. Let us consider some of them for a moment. 
The consideration will show how clearly they differ 
entiate themselves from the others. For example, the 
relations of capital and labor, old as they are, take on 
new significance and new complexions in our industrial 
era. 


RESEARCH METHODS YET TO BE TRIED 


Thus far we have not employed the research method 
to any measurable extent in the solution of this problem. 
Through successive generations we have come closer 
and closer to what seem to be more satisfactory solu 
tions by some sort of blind groping and some sort of 
instinctive realization of other and better possibilities. 
We have come to recognize more clearly certain rights 
of the individual for development and enjoyment. We 
have succeeded in setting up a form of industrial society 
which, so long as it remains in working order, enables the 
worker to obtain both his bare necessities, and some 
luxuries, with so small a number of hours of toil that he 
really has time in which toenjoy the luxuries that he has 
been enabled roearn. We have found a form of ownership 
of capital goods which enables us to distribute owner- 
ship into the hands of the many, so that the laborer 
and the capitalist are frequently one and the same 
individual. And, thus far, we have succeeded in doing 
this without resorting to questionable methods which 
would substitute idealized desires for the individual 
initiative and greed which have always characterized 
humanity and still appear to most satisfactorily func 
tion as driving motives. 

But, these results have not been the fruits of research 
as we understand that term. They have been brought 
about in the gradual evolution of conditions and con- 
ceptions that has characterized human progress since the 
beginning. They represent the product of what one 
might call social evolution, and progress has been as 
relatively slow and as lacking in conscious guidance 
as the term ‘‘evolution’’ would imply. 

As another example, take the question of private 
versus public ownership of such capital goods as are 
required in the modern social structure. Here is a very 
broad and very basic question, involving huge masses 
of people. It is right here with us now as you ver} 
well know, and it must be solved. Thus far we have 
done little more than discuss it and write books about 
it, except for the rather drastic experiment in Russia 
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It is true that we have gropingly and rather blindly 
developed certain restrictions to the use of privately 
owned capital goods in ways that are too inimical to 
the good of others, but the work has been almost en- 
tirely restrictive and probably not particularly con- 
structive. 

As another example, let us consider international 
competition in production. Thus far we have made 
very little progress indeed toward the solution of this 
problem. We act on the assumption that we have some 
sort of inherent right to do what we please on a national 
basis, and we endeavor by means of legalistically created 
economic barriers to maintain what in many Cases 
appear to be, in fact, false economic positions. 

If I read correctly this lengthy film as it has unrolled 
through the ages, it shows very clearly an almost un- 
believably lopsided development. With respect to cer- 
tain types of affairs, namely, those dealing with the 
interpretation of natural phenomena and their applica- 
tion, we have broken away from all the older methods 
and have placed our faith fully in the efficiency and 
adequacy of the research method. The results are 
obvious to all. On the other hand, that other huge 
section of our activities which I have distinguished as 
involving masses of people is still treated much as it 
was before we had consciously recognized what we 
now know as research. In such matters as these we 
have placed, and continue to place, our trust almost 
entirely in precedent, tradition, sentiment, mob psy- 
chology, “hunch,” improvised theory, political ex- 
pediency—anything at all except proved fact. 

If you will look back 
historical film 
you will recognize the 
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fact that those of us who 
have had a working 
knowledge of the research 
method have, through 
the ages, been satisfied 
tO gO our Ways in peace, 
to confine our attention 
to our chosen fields, to 
give the world soul-stir 
ring and precedent-de- 
stroying discoveries, and 
to recognize no responsi- 
bilities for the alarming 
by-products of our works. 
And now the world faces 
the consequences. The 
art of applying science 
has so far outstripped our 
other activities that we 
tind ourselves confronted 
with very real problems 
indeed. We have learned 
to produce all sorts of 
wealth in unbelievable 
quantities. But we have 
not learned to adjust the 


THE MODERN CITY IS A TRIUMPH OF SCIENCE AND ENGINEERING. 
MUST BE ATTACKED BY THE METHODS OF SCIENTIFIC RESEARCH 
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world to such production. All political, social, and 
economic relations are showing the strains that we have 
put upon them in building our industrial civilization, 
and sooner or later they must give way unless greatly 


modified in structure. 


KNOWLEDGE LACKING ON WHICH TO BASI 


CONSTRUCTIVE MODIFICATIONS 


To me the late war in Europe and all that has come 
out. of it represent but a temporary culmination of this 
idiotic situation: nations groping blindly for some 
means of balancing production and utilization; nations 
searching for the secret that will make possible the 
orderly, plentiful, and full life that we all feel our dis- 
coveries should yield; nations realizing the inade- 
quacy of older forms of government, older forms of inter- 
national agreements, oider forms of ownership, older 
economic concepts. It s shocking to realize that we 
have no knowledge on \vhich we can base constructive 
modifications. We try ai. sorts of economic and political 
expedients year after yea: after generation. 

temporarily enraged public, 

ighbor, or to clip, for the 
some apparently too powerful 
minority group. Any one who thinks can see the 
fallacy of each of these expedients before it is even put 
into use. 


They operate to appeas: 
or to pacify an estrar 
time being, the w 


Scientists and appliers of science have brought about 
a very pretty mess because they were content to do the 
thing that was comparatively easy, the thing that could 
be done with research tools of the simplest character. 
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ITS SOCIAL PROBLEMS 
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And now the world finds itself in need of a complete 
new tool chest filled with all sorts of new tools not yet 
even invented. It must have them if it is to find a way 
of adjusting the politics, the economics, yes, the very 
life of the world to the thing with which we of natural 
science have burdened it. 

I should hate to believe that we humans are going to 
find ourselves incapable of devising and using such 
In fact, I do not believe it. But I am very 
certain that we shall not do so overnight; I am positive 
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that it is going to take us generations, even in this fast- 
moving age. And, I am equally certain that until we 
have done this thing we shall have further upheavals 
which will represent the payments that we make for 
being guilty of a most unpardonable mistake. Those 
of us who are supposed to be possessed of intellects 
the ordinary have unconsciously, but very cer- 
tainly, failed to use common foresight with respect to 
the results of our labors. 


above 


FAILURE OF SCIENTISTS AND ENGINEERS TO FORESEI 


THE CONSEQUENCES OF THEIR ENDEAVORS 


To me, our own present depression, which after all is 

a very small thing in world history, came about for 
the immediate reasons that I have outlined to you, but 
as a small demonstration in a world movement. We, 
the unbridled and thoughtless speculators, were at fault. 
But, our own little depression is but part and parcel 
of a much bigger and more serious situation. I do not 
refer to the existing world depression, but to the much 
bigger problem that had its genesis back 

in those years in which the research 
method began to be consciously applied for 
the elucidation of natural science and for its 
application. I refer to this shadow that 
has hung over the civilized world since those 
early days, and which has grown larger and 
larger, darker and darker, and more and more 
menacing as generations have succeeded 
generations. The clearing produced by 
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thunderstorm such as the late World 
War has always proved to be only temporary; the 
cloud returns, always !arger, blacker, and more threat- 
ening. 

I believe I am right in assuming that this cloud is of 
our own making, and that it will continue to oppress 
us until we have the sense and the ingenuity and the 
determination to apply the research method to those 
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larger problems that we unwittingly created and nur- 
tured as we applied that tool to its more simple and 
more obvious uses. And now, if I may return for a 
minute to the title under which I address you this 
evening, I believe it hardly necessary for me to tell you 
that I am convinced that the major ills of the world 
today and for some time past are due largely to those 
of us who have advanced science and the application of 
science, and who have almost criminally refused to give 
serious thought to the collateral results. To my mind 
it is our fault that a civilization capable of producing 
a surplus of foodstuffs, of material goods required for 
living, and even of luxuries, a civilization capable of 
yielding surplus earnings and leisure time to all who 
are willing to work, finds itself beset by all sorts of little 


understood economic upheavals, wars, and _ social 
rebellions. 
Understand, I do not believe in Utopia. Human 


beings are undoubtedly going to remain for some time 
much the same sort of thing that they are now. They 
are going to continue to see personal advantage, even 
though they recognize social obligation. They are 
going to continue to develop misunderstandings and 
illogical situations. But I am satisfied 

that, in spite of these limitations, we can 

do much to make this collection of peoples 

happier and their lives much more worth 

while if we will make an honest attempt 

to apply the research method to the solu- 

tion of that large class of problems involv- | 

ing huge masses of people. I commend 

the thought to you. 
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MACHINERY INDUSTRY 
During DEPRESSION 


Some Observations Concerning 


By W. H. 


HEN depression comes it 1s particularly severe 


upon manufacturers of machinery. A certain 


economic law is involved, an explanation of 


which may be found in what follows 

For example, had you been in the machine-tool busi- 
ness in 1919, by 1921 you would have found that 13.6 
per cent of the establishments had gone out of business, 
that 59.9 per cent of the wage earners had lost their 
jobs, that those who had retained their positions had 
suffered a loss in wages, for these had declined 61.8 per 
cent, and the value added by manufacture, the thing 
that management and stockholders are most interested 
in, had declined 71.5 per cent. These figures clearly 
reveal a situation that would tax the resourcefulness of 
the most capable management. Unfortunately, parallel 
information is not yet available covering the 1929-1931 
experience, but undoubtedly it will prove to be more 
severe, because, as shown by a chart widely distributed 
by the Cleveland Trust Company, 1919 was a year 
in which business activity was slightly below normal 
tor the first six months, and slightly above for the last 
six, that is to say, half boom, half depression, and a 
normal year as contrasted with the boom conditions 
of 1929. So when data are available that will enable 
us to measure the changes between the peak of the 
boom of 1929 and the depth of the depression of 1930- 
1931, it will probably show a much wider span, and 
consequently—presumably—a more difficult condition. 

On the other hand, if instead of being in the machine- 
tool business in those earlier years you had been in the 
baking-powder business, you would have found that 
though 30.3 per cent of the establishments disappeared, 
the number of wage earners actually increased 6 per 
ent, wages increased 26 per cent, apparently many 
employees were promoted, and the value added by 
nanufacture increased 44 per cent, giving management 
vhat it wanted. These returns suggest that on be- 
oming engineers, instead of going into the machine-tool 
usiness we should go into the baking-powder business! 
. study of many similar examples indicated in Table 1 

‘Chief, Industrial Machinery Division, Bureau Foreign and Domestic 

mmerce, Department of Commerce, Washington, D. a 

Abstract of remarks made at an economic conference held under the 


iuspices of Stevens Institute of Technology and Columbia University, 
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a Faulty Economic Situation 
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enables us to conclude that the business cycle is peculiarly 
severe on the equipment industries and far more friendly 
to enterprises manufacturing or distributing ‘‘consumer 
goods."’ The table shows the experience of the average 
of all industries as developed from census returns, and 
it will be observed that as a general rule, using the 
industries there selected, the equipment industries have 
done worse than average and the consumer-goods indus- 
tries better than average. Altogether there are over 
300 census industries, and while the table does not 
pretend to be complete, sufficient examples are presented 
to illustrate the principle under consideration, and, it 
is felt, without distortion. 


FLUCTUATION OF MACHINE-TOOL ORDERS COMPARED 
WITH INDUSTRIAL PRODUCTION 


The foregoing conclusion can be reached in an entirely 
different way. In Fig. 1 an effort has been made to 
show the general business cycle, for which purpose 
Federal Reserve Board figures of industrial production 
unadjusted have been used, being drawn to a scale such 
that the average for eleven years is 100, and resulting 
in the dotted line there presented. Over this, and drawn 
to the same scale, is a line representing new orders for 
machine tools as developed by the National Machine 
Tool Builders’ Association. It will be observed that 
industrial production as a whole rarely deviates more 
than 20 per cent from the inclined median line drawn 
through it. The fluctuations in machine-tool orders, 
however, are far more violent. In 1919 and 1920, for 
example, when industrial production increased, say, 20 
per cent, machine-tool orders rose to, say, the 300 per 
cent level; then when toward the end of 1919 pros- 
perity turned to depression, orders decreased so rapidly 
that in fifteen months they were at a level of only 8 
per cent of the preceding peak. Clearly the business 
cycle is peculiarly severe on the machine-tool industry. 

This chart was originally prepared in connection with 
a discussion of stabilization for industry, and it will 
be observed that after these two lines crossed on the 
way down in 1920, and although there was very sub- 
stantial business recovery in 1923 and again in 1925, 
they did not meet again for five years, and even then 
did not stay crossed—the machine-tool curve drooping 
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and not again rising above the level of general industrial 
activity until seven years had elapsed. Consequently, 
when thinking of stabilization as applied to the machine- 
tool industry we are thinking of the shaded area in the 


TABLE 1 EXPERIENCES OF SELECTED INDUSTRIES IN 1921 
COMPARED WITH THOSE IN 1919 


Increases and decreases expressed as percentages 
Value 
added 
No ot Cost Value by 
estab- No. of of of manu- 
lish- wage Wages mate- prod- _ fac- 
ments earners paid rial ucts ture 
Matches + 4.5 +22 +40 83.7 +64 +46 
Baking powder, yeast 

and other leavening 

compounds a 30.3 + 6 +26 7.5 +14 +44 
Candles...... +5 +12 +34 +1 +-12 +43 
Wood preserving + 7 + 4.5+ 4 +47 +43 +30 
Refrigerators........ 5 ~ees $25 +37 +26 +18 
Envelopes a , +16 2.3 +23 + 9.5 +10.6 +12 
Ceoment..... : + 1.6 + 2.8 + 5.7 +28.7 +16.2 + § 
Hats, straw........ 25.5 19 0.2 —14 ll 7 
Boots and shoes, other 

than rubber........ 3.9 —13.1 2.7 —33.1 24.9 —11.5 
Ice, manufactured.... 5.3 —20.4 4.0 +19.4 +16.0 +14.4 
Soap . a ai 18.7 19 11.1] 37 24.2 +14.9 
Typewriters and parts 15 14.6 —15.4 —33.3 —20.8 —15.2 
Cigars and cigarettes. . 58.7 :.5 2.5+28 +4 15.5 
Gas machines, gas me- 

ters, and water and 

other liquid meters 38 —23 13 15 17 ye 
Washing machines, 

wringers, driers, and 

ironing machines for 

household use.... 8.5 30 22 28.5 26 22 
Average for all indus- 

RE EET —8.5—23 —22 —32 30 —26.4 
Chewing gum........ 9.5 —-—F7.35-—0 —2 24 27.3 
Trunks, suitcases, and 

bags..... eee are 5.5 24 17.5 27 27 26.2 
Textile machinery and 

ee i 2.5+ 6.3 16+56+99 
Electrical machinery ,ap- 

paratus, and supplies $:] 24.1 18.5 19.1 16.4 14.5 


Pumps and pumping 
equipment, not in- 
cluding power pumps 32.5 —31.5 —41 33 28 24.5 
Foundry and machine- 
shop products not 


elsewhere classified 7.3 33.5 32.7 31 31.5 31 
Windmills and wind- 

mill towers....... 22.5 —28.5 —26 30.5 —34 38 
Sewing machines, cases, 

and attachments. . —20 -—35 48 — a 38.§$ —38.5 
Saws.... a 29.5 31 5 44.5 —42 40 
Scales and balances. . 17.5 —30 32 32.3 —23.5 —46 
Foundry supplies. . 34 40.5 —34 51 —S50 48.7 
Belting, leather........ 4.5 —i8 13 53.7 —52.6 —90.5 
Agricultural im ple- 

ES ee ae 32 44 40.3 —39.5 —4.5 —32 
TOG. «cece. de 36 45.5 —48.5 44 50.5 —5$4.3 
Files.... 22 5D 45 56.5 —60 


Engines, turbines, trac- 

tors, and water 

Sa .. —20 54.2 —50.7 —48.7 —57.1 —64.5 
Emery wheels and other 

abrasive and polish- 








ing appliances....... —11.5 —49 51 —50.5 —59.5 —66 
Machine tools...... .. —13.6 —59.9 —61.8 —59.4 —68.1 —71.5 
Carriages, wagons, ah ae 

sleighs, and sleds.... —62 —57.3 —51.4 —64.8 —64.1 —63.3 

1919 1921 

Electricity generated, million kilowatt-hours 38,921 40,975 

Gas sold, million cubic feet................. 300,000 326,950 
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diagram involving a period of seven years, which is 
obviously so severe as to be beyond the control of 
management. Moreover, after the machine-tool line 
crossed that of industrial production at the end of 1927, 
machine-tool buyers indulged in another orgy. The 
industry had a violent boom and then collapsed much 
as iN 1919, an experience again suggesting that certain 
basic economic forces are at work, forces that should 
have the recognition of machinery manufacturers. 

The part of the diagram representing the experience 
of 1930-1931 is somewhat deceptive, because during this 
period machine-tool manufacturers accepted an unusually 
large volume of foreign business. Were this curve 
corrected to reflect merely domestic trade, the depths 
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FIG. I FLUCTUATIONS OI MACHINE-TOOL ORDERS SINCI 
I919 COMPARED WITH THOSE OF INDUSTRIAL PRODUCTION 
1919-1929 average = 100.) 


reached during the depression of 1931 would be very 
much lower. 

Unfortunately, it is difficult to secure correspond 
ing data regarding other branches of the machinery 
industry, but such material as is available confirms 
the general economic law above suggested. The busi- 
ness cycle is peculiarly severe on the equipment in- 
dustries, in fact, the question has been raised as to 
whether the ups and downs of these industries do not 
in large measure account for the ups and downs of the 
general business cycle. There is reason to believe that 
to an important extent this is true, and that if it were 
possible to smooth out the fluctuations in demand in 
the equipment industries we should at the same time do 
much in the way of smoothing out the general business 
cycle. In making this statement it is of course recog- 
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nized that many other forces are also at work, neverthe- 
less it should be acknowledged that the equipment 
industries occupy a unique position both in booms and 
in depressions, a conclusion that has been reached by 
several well-recognized economists thinking subjectively 
rather than objectively. 


IMPROVED BUYING POLICY A DESIDERATUM 


Fig. 1 further appears to suggest the corrective that 
should be applied to this situation: namely, a better 
buying policy on the part of those who use industrial 
equipment. Clearly, during 1919 and 1929 machine- 
tool buyers indulged in an orgy that was little short of 
anarchy, while in 1921 and 1931 there was a refusal to 
buy that might almost be called paralysis. Each 
extreme betrays the fact that industry has no adequate 
policy governing the procurement of equipment. It is 
not the intention here to characterize the equipment 
industries as particularly hazardous types of business, 
nor to discourage engineers from going into the pro- 
duction of machinery, but rather to emphasize to those 
of us who have dedicated our lives to this sort of work 
the fact that steps should be taken to make these in- 
dustries more wholesome through a different and better 
type of sales effort. Recognition of the principles in- 
volved would undoubtedly lead machinery manufac- 
turers to discourage reckless buying such as took place in 
1gigand 1929. Even as conditions are, the machine-tool 
industry has an excess of factory capacity, and yet this 
Capacity was overtaxed during those years; shifts worked 
overtime, some plants worked double shifts or on Sundays 
and holidays, al! of which was costly, and yet it would 
not seem that prices were then raised either to cover the 
added costs or in response to that thing economists call 
the law of supply and demand. It would seem to be 
necessary that management find a new way of meeting 
conditions of this type when they occur, for the resulting 
situation is not to the advantage of the machinery buyer 
or the public generally, entirely apart from its effect on 
the machinery manufacturer. At the other extreme it 
would appear that steps should be taken to encourage 
an adequate replacement policy when conditions are as 
they were in 1921 and 1931. At such times, entirely 
apart from any price advantage that might exist, indus- 
try is in a position to replace machinery without seri- 
ously interfering with its manufacturing operations. 
Purchases made at such times reach machinery manu- 
facturers at a season when they are in a position to give 
their best in the way of workmanship, deliveries, and 
service. All of which represents an important dollar 
value in the capital accounts of the industries concerned. 
This is a policy that is actually followed to some extent 
in the steel industry, for it is to be noted that that group 
of enterprises spent huge sums on plant rehabilitation 
in 1930-1931, a policy that greatly strengthened their 
equipment manufacturers. It is of course recognized 
that many practical difficulties arise when efforts are 
made to apply these policies generally, notwithstanding 
which the need seems to be urgent, and an opportunity 
for constructive work is definitely at hand. 
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PROBLEMS FACED BY MANAGEMENT IN MACHINE-BUILDING 
ESTABLISHMENTS 

This curve showing the ups and downs of machine- 
tool orders also suggests many other problems faced by 
management in establishments producing machinery. 
For example, probably 4o per cent of the value of the 
product is represented by overhead costs, but it makes 
a great deal of difference what basis is used for calcu- 
lating these items. If management in a given estab- 
lishment calculated its overhead on the basis of volume 
of business secured in 1919 or 1929, it would not find 
overhead costs covered in years like 1921 and 1930. At 
the other extreme, were management conservative and 
arranged its price structure so as to cover overhead 
items in these latter years, it would undoubtedly find its 
prices out of line with competition, overhead being 
exaggerated. In fact, instead of establishing a price 
structure where overhead costs are arrived at on the 
basis of the experience of a single year, it is probably 
necessary to consider the experience of the entire decade. 
A careful study of this problem was made by E. F. 
DuBrul of the National Machine Tool Builders’ Associa- 
tion, and his curve and conclusions were presented in 
The Iron Age of May 29, 1930, at which time he indicated 
that in the machine-cool industry, management prob- 
ably would not be able to cover overhead costs over a 
decade if these were taken into the price structure at a 
level higher than 65 per cent of one-shift capacity. In 
greater or less degree it would appear that this also 
applies to other branches of machinery manufacture. 

Similarly, in these days of scientific selling and man- 
agement there is a disposition to develop quotas for 
sales, for production, and what not. Presumably the 
object of a sales quota is to stimulate the morale of the 
individual salesman, giving him an opportunity to 
better his individual position as the result of his own 
effort. Mr. DuBrul’s curve seems to indicate that any 
such quotas must be adjusted from year to year, and to 
be effective for the purposes for which it was designed 
must be adjusted to meet the fluctuations of the business 
cycle; and although the stock market appears never to 
have been able to forecast these fluctuations, neverthe- 
less it seems necessary for management in machinery 
industries to adjust sales quotas, forecasting with great 
care changes in the business cycle in order that the sales 
quotas may actually mean to the salesmen what they 
were originally designed to cover. Obviously, this is 
exceedingly difficult, yet very necessary, and applies not 
merely to sales quotas but to manufacturing quotas, in 
fact, to operations generally. 

More and more there is a tendency in industry to 
employ management ratios. In the machinery industry, 
for example, capital should be turned over, say, once a 
year. The ratio of sales to assets, sales to merchandise, 
cash to total liabilities, etc., etc., should all be watched 
very Closely. These ratios and many others should 
constantly be applied in order that the activities of the 
enterprise be kept closely within the limitations required 
by good management. It will be found, however, that 
such ratios will also change greatly from year to year 
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TABLE 2 NET EARNINGS OF MACHINERY MANUFACTURERS 


AFTER DEPRECIATION AND TAXES 


Firm 
No 1928 1929 
] $4,128,273 $3,543,140 
2 ; 530,000 
3 219,000 
4 1,428,161 2,645,000 
5 2,055,080 2,546,530 
6 570,781 546,256 
7 1,412,079 993,086 
8 79,000 
9 1,044,000 
| 3,302,000 
1] (11 mos. ) 204,000 
12 204,000 
13 1,108,310 2,098 ,000 
14 102,000 
15 1,272,104 1,582,161 
16 80,008 150,198 
17 626,000 
18 845,000 
19 266,000 
20 1,023,000 
21 143,000 
22 716,000 
23 130,115 201,057 
24 1,297,000 
25 4,000 
26 2,113,000 
7 1,130,000 
28 2,161,671 2,348,671 
29 625,075 772,300 
30 407 ,000 
31 613,000 
32 1,617,000 
33 615,000 
34 456,852 598,829 
35 1,490,000 
36 340,000 (4° 
37 868 ,000 
38 126,000 
39 1,241,000 
40 8,017,186 10,654,000 
41 53,183 359,124 
42 1,040,689 1,332,000 
43 1,926,000 
44 528,000 
45 347,000 
46 134,000 
47 274,000 
48 451,000 
49 3,241,823 3,484,686 
50 197,000 
51 : 280,000 
52 607,734 1,309,422 
53 1,392,995 1,446,874 
54 sina 2,101,000 
55 461,000 
56 611,000 
57 161,000 
58 534,000 
59 383,000 
60 1,797,000 
61 2,707,000 
62 465,000 
63 1,275,000 
64 7,343,895 8,670,528 
65 ee 185,000 
66 44,000 aes 
67 ei 37,000 
68 892,861 (d) 1,004,054 
69 958,797 1,289,232 
70 83,798 117,218 
71 520,976 504,160 
72 e 333,000 
73 308 ,000 (2) 





(a) Before certain charges. 


4) Deficit. 
¢) Estimated. 
p) Preliminary. 


1930 
$1,849,464 
78,000 
69,000 
2,931,000 
2,067,740 
211,000 
241,630 (d 
24,000 (d 
199,000 Cp 
2,439,000 
42,000 
676,000 
71,000 (4 
80,000 
207,317 
216,052 (d 
500,000 (d) 
515,000 
177,000 
845,000 
66,000 
51,000 (d° 
22,913 
900,000 
479,000 (d 
248,000 
327,000 
821,612 
472,548 
27,000 
1,840,000 (d 
1,651,000 
251,000 
138,567 
652,000 
247,000 (d 
449,000 
98,000 (d 
66,000 
7,000,000 (e 
135,595 
589,000 
2,000,000 
257,000 
37,000 
41,000 (d 
96,000 
51,000 
2,310,332 
205,000 
172,000 
443,981 
761,571 
9,000 
34,000 (d 
89,000 (d_ 
274,000 
685,000 (d 
268,000 (d 
2,509,000 
922,000 
133,000 (4) 
1,083,000 
7,265,000 
391,000 
142,000 
29,000 (d> 
890,340 (a) 
295,380 (d) 
81,986 (d> 
90,671 
31,000 (da) 
199,000 (d 
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in the equipment industries, because of the severity 
with which the business cycle impinges on these trades, 
and management is faced with a very delicate problem 
when it undertakes to protect the interests of the stock- 
holders in the face of so complicated a situation. Per 
haps this is why so many machinery-manufacturing 
firms have disappeared. The mortality experience over 
a series of years is quite discouraging, in spite of the 
fact that the machinery industry is not only more than 
a key industry, more than a basic industry, but is the 
one industry upon which all of our other enterprises 
depend for their equipment and for their progress. It 
would appear that it is necessary to raise the standard 
of management, positively and definitely. 

This contention is proved by the profit experience of 
the machinery industry. According to census returns 
there are 10,0co firms in the country producing indus 
trial machinery. So far as can be learned there is not 
a single one whose securities are rated better than “A.” 
From this one might gather the impression that the 
stock market does not look kindly upon the shares of 
machinery manufacturers, and it will be observed in 
Table 1 that, while the equipment industries in 1921 
found themselves in a very bad position as compared 
with 1919, the utilities enjoyed a much more favorable 
and highly contrasting position. Kilowatt-hours pro- 
duced went up from 38,921,000,000 tO 40,975,000,000 
cubic feet of gas sold went up from 300,000,000,000 to 
nearly 327,000,000,000. Parenthetically, it is interest- 
ing to note what happened to the industry producing 
“carriages, wagons, sleighs and sleds;"’ it is the au- 
thor’s impression that this particular trade was all but 
obsolete in 1919, consequently, when depression came 
in 1921, 62 per cent of the establishments closed, 57.3 
per cent of the wage earners lost their jobs, and value 
added by manufacture fell off 63.3 per cent. Is it not 
remarkable that this showing is more favorable than 
that of the machine-tool group which is so highly 
important to the welfare of industry generally? Such 
considerations have led to a study of the profit experience 
of as many machinery-manufacturing establishments as 
possible. Some of the data obtained are confidential, 
which makes it necessary to omit the names of the com 
panies, but substituting numbers for names, the returns 
are as indicated in Table 2, which is self-explanatory, 
for profits fell off most seriously in 1930 as compared 
with 1929 and a long string of deficits accumulated; and 
yet even these figures perhaps include some ‘‘enlightened 
bookkeeping,’’ for it simply is not human nature for 
Management to put out statements that are not as 
optimistic as possible. It is true there are exceptional 
firms that show increased profits. In some instances 
these reflect earnings from patents of exceptional merit. 
In other instances increased profits are reflected by firms 
that make equipment for the steel industry, which, as 
stated, rehabilitates during a depression with advantage 
to all concerned. Apart from such instances, though, 
this table showing profit experience is a most emphatic 
argument that the machinery industry needs to take 
steps to improve the policies under which it has operated. 
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INDUSTRIAL EFFICIENCY 
and ECONOMIC EQUILIBRIUM 


By R. H. McCARTHY' 


NITIAL responsibility for one of the vast array of 

social and economic difficulties that beset us rests 

largely upon engineers and their associates. That 
is the responsibility for serious disturbances caused by 
distinct efficiency gains in all phases of industrial activ- 
ity. During prosperity the engineer who hesitated to 
increase the efficiency of labor, management, or capital 
would be accused of emotional instead of logical think- 
ing, yet in depression when inefficient instead of efficient 
methods are deliberately employed in order to give more 
work, we wonder if the thinking during prosperity was 
complete. How many engineers have spent any time 
in restoring the economic balances thrown out of equilib- 
rium by their developments? This, they say, is not 
their function nor within their power in our highly 
specialized social organization, and, for that matter, 
new balances are gained by natural processes. This is, 
in part, correct. They are gained by such natural proc- 
esses as the current depression in which engineers suffer 
along with the rest. 

We must acknowledge that the quest for efficiency is 
with us, and that nothing short of social and educational 
upheavals will halt it. Hence persistent analysis and 
discussion of this tool of industry are necessary if we are 
not to be overcome by its blessings. 

The purpose of the following is to analyze the signifi- 

' Flushing, L. I., N. Y. Assoc-Mem, A.S.M.E. 


cance of industrial-efficiency measures and to discuss the 
desirability of letting these measures reward industry's 
immediate dependents in the form of higher wages or 
lower hours, rather than the general consuming market 
in the form of lower prices. 


LABOR EFFICIENCY 


Engineers and industrial leaders are familiar with in- 
creases of manual efficiency amounting to 15 per cent and 
frequently more in practically every industry, including 
the age-old trades of masonry, carpentry, and porterage. 
Increases of this magnitude may result from wage-incen- 
tive systems even without changes of tools or machinery. 
A 15 per cent efficiency increase presents many possibili- 
ties, such as 15 per cent fewer workers, 15 per cent 
greater production, lower sales prices, greater profits. 
Any one of these is enough to create a sensible economic 
unbalance. 

The engineering approach to labor efficiency is imper- 
sonal. By means of observation and analysis a fair daily 
output is established, which can be met day after day, 
year in and year out. It is assumed that no worker can 
reasonably object to producing as much as possible con- 
sistent with maintained bodily, mental, and spiritual 
vigor. But having set a task, the engineer steps out of 
the picture, leaving society as a whole operating through 
demand and supply in the local labor market to establish 
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the worker's wage. The engineer has little to say, and 
may have little interest in what becomes of the saving 
due to decreased labor. Enlightened management and 
ownership will dispose of some of the saving by raising 
the pay of this more efficient labor above the market 
level, and can well afford to do so because the economy 
of efficient labor is the result of more than the direct 
labor-cost saving. The remainder, which is usually the 
major portion of the saving, goes the way of all operat- 
ing profits, into greater dividends, reserves, plants, and 
lower prices. 
MANAGEMENT EFFICIENCY 

Management provides many devices for increasing ef- 
ficiency. Such is the purpose of bookkeeping machines, 
sales, production, and inventory control charts, objective 
quality standards, compiled managerial instructions, 
scientific forecasting, budgetary control, supervisory 
training courses, professional and trade magazines, mer- 
gers, and—in the same breath—decentralizations. The 
goal is to eliminate unnecessary work and to organize so 
that more work can be done by the unskilled, turning 
the reduced number of skilled employees into intellectual 
distributing centers freed from purely routine work. 

Although it is common to hear of workers in the mana- 
gerial class being out of work because of merger ef- 
ficiencies, probably the greatest result of management 
efficiency has been to reduce direct labor, even at the ex- 
pense of increasing ratios of non-productive to productive 
labor. The net result again is to reduce the cost of pro- 
duction, creating a surplus that upsets economic balance 
at some point. Very seldom do the people (other than 
the owners) directly dependent upon specific enterprises 
share tangibly in these surpluses. When a new balance 
is established, it is by increased sales due to lower prices 
passed on to the consuming market, or by the creation 
of more productive capacity. 


CAPITAL EFFICIENCY 


The efficiency of capital is measured by the return on 
investments that provide and control credit, industrial 
grounds and buildings, machinery and tools, and funds 


to pay labor, and management in advance of the sale 
of goods. One of the purposes for which capital is 
commonly used is the purchase and introduction of labor 
saving equipment. Few people today wou!d discredit 
the motive of ownership which for $3000 purchases a 
power-driven machine that will replace three laborers 
each earning $1000 annually, for, as we say, the machine 
will pay for itself in one year. But this typical use of 
capital, repeated thousands of times, continually upsets 
the balance of social and economic forces by making 
capital a progressively larger force and labor a pro- 
gressively smaller one, a fact demonstrated in part by 
the increase of prime-mover horsepower per worker from 
32.6 in 1919 to 46.5 in 1927. 

To assume that the labor required to manufacture a 
machine completely compensates for the labor it dis 
places when it goes into use, belittles the judgment of 
industry as a whole and contradicts the essential facts. 
Obviously machinery is installed to reduce costs and in 
crease profits. On the face of it, a machine that will pay 
for itself in labor costs in a given time required much 
less than that amount of labor to build it. The only 
hope that the introduction of machinery holds out 
toward creating a demand for labor is based upon greater 
sales due to lower prices. 

That labor-saving equipment does what it is designed 
to do there is no serious doubt, nor do many engineers 
doubt that the conservation of labor is ethically for the 
best. Outside the profession, howeve:, this confidence 
is not unanimous. Germany is deliberately experi 
menting in Saxony with a reversion to crude construc 
tion methods to spread the available work over a larger 
number of people. The Bishop of Ripon has urged that 
scientists take a vacation of several years. 


INDUSTRIAL EFFICIENCY IN THE BUSINESS CYCLE 


Prosperity. During the upward swing toward pros 
perity, society does not concern itself with the disposition 
of gains resulting from increased labor, management, and 
capital efficiencies. An apparently insatiable demand, 
stimulated by all the arts of modern high-pressure sales- 
manship, maintains prices, increases wages and employ 
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ment somewhat, and profits and plant capacity consider 


ably. The other outlets for efficiency gains, i.e., lower 
prices and decreased employment, are temporarily 
blocked. No one complains seriously, because every one 
is relatively better off than ever before 

The conventional supposition with respect to a com- 
petitive industrial system is that disturbances from ef- 
ficiency gains are adjusted by price reductions with re- 
sulting greater sales. But in the face of a situation that 
can conservatively be estimated as having raised the 
efhiciency of all industrial productive factors by ten per 
cent, prices held practically constant over the eight- 
year period from 1y21 to 1929. Apparently price reduc- 
tion was delayed, indicating that prices were not in stable 
equilibrium, that production and sales rested on a false 
foundation (a widening margin between costs and 
prices), and that sooner or later competition would 
undermine that foundation 

\ picture of the unbalanced forces is evident in the 
following data taken from the Federal Reserve Bulletin, 


based on the average of 1923-1925 as 100 per cent. 
Depressior Prosperity Depressiot 
1921 1929 193 
Total production of manufacturers 67 119 96 
Workers employed 82 101 88 
Workers’ income or total payroll 77 108 87 
Commodity prices 98 97 86 


An analysis of these data gives the following results: 


1921-1929 1929-1930 


Total production of manufacturers 77% gain 19% loss 

Workers emploved 23% gain 13% loss 
I C G 

Workers’ income or total payroll. 40% gain 19% loss 
c 

Commodity prices 1% loss 11% loss 


Depression. These data reveal certain forerunners of 


lepression: a production gain over three times as great 
is the gain in the number of employees; a payroll gain 
amounting to only one-half of the sales gain; a constant 
commodity price in the face of very evident efficiency in- 
creases. The data for the period 1921 to 1929 show the 
growth of an unstable economic equilibrium which was 
highly susceptible to a forced liquidation. That liquida- 


tion consisted of deflated cost-price margins and of re- 
duced sales, employment, and wages, phenomena which 
are now painfully familiar. 

Industrial efficiency, as engineers well know, has been 
one of the most disturbing factors leading to the unstable 
equilibrium. The question then arises, how may ef- 
ficiency gains be liquidated currently to prevent the dis- 
astrous piling up of unbalanced forces? Let it be under- 
stood that what follows is not intended to be a cure-all 
for depression. It is an attempt to discover a rational 
way of escaping this particular horn of the dilemma. 


CURRENT LIQUIDATION OF EFFICIENCY GAINS 


It is obvious that manufactured goods must have a 
profitable market if their production is to be on a con- 
tinuous basis. It is also evident that about one-third of 
the total demand for consumption goods is made by 
gainfully employed workers, and is therefore directly 
proportional to the wages of the 14,300,000 workers 
in manufacturing and mechanical industries who control 
the expenditures of about 36,000,000 ultimate consumers. 

Foreign trade does not affect this line of reasoning be- 
cause in the long run our purchases must equal our ex- 
ports, which is another way of buying our own goods.) 
Assuming the average annual wage to be the moderate 
amount of $900 per worker, the annual purchasing power 
of about $12,000,000,000 of these ultimate consumers is 
more important in its effect on industry than the capital 
purchases for manufacturing equipment. From the 
standpoint of national economy and return on invest- 
ments, therefore, it is more desirable to maintain the pur- 
chasing power of the ultimate consumer than that of 
plant reserves. 

If the foregoing Federal Reserve data are reliable, a 
sharp increase of industrial efficiency has occurred, but 
the purchasing power of ultimate consumers has failed 
markedly to keep step with the associated increased pro- 
duction. If wages did not increase in proportion to the 
increased sales, it is because of other and larger outlets 
than wages for the rewards of increased efficiency. No 
mystery hides these other outlets during times of pros- 
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perity. They were profits distributed as dividends or 
laid aside for future plant expansion. In either case a 
long interval elapsed between the time when the profits 
were earned and when they appeared in the hands of ulti- 
mate consumers—excluding as ultimate consumers those 
who spent for tools, machinery, and buildings intended 
to manufacture more goods. 

But during depression the outlet for the rewards of 
efficiency gains is to decrease commodity prices to the 
general market. This can be done because efficiency 
changes have lowered manufacturing costs, and is done 
because every merchant has an idea that sales can be 
maintained if prices but go down far enough. Both the 
outlets of prosperity and those of depression leave the 
individual laborer relatively and absolutely a loser. 

In prosperity the lagging wage increases do not permit 
sharing fully in the increasing volume of goods. In 
depression some workers must lose employment. True 
the individual laborer displaced by efficiency is somewhat 
compensated eventually by the general reduction of 
prices, but price reductions to consumers as a whole do 
not automatically and immediately enable the unfortu- 
nate individuals out of work either to live on nothing 
or to get another job. 


PROBLEM OF THE DISPLACED WORKER IN DEPRESSION 


An example taken from the experience of a woodwork- 
ing plant employing less than 400 men will make the 
problem of the displaced worker in depression specific. 
The engineers found that specialization of effort, the 
introduction of piece rates, and a small amount of ma- 
chinery reduced the labor required 4o per cent. Of the 
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100 cabinet makers formerly in the department, 40 were 
no longer required. These 40 men were released to find 
work elsewhere and the pay of those who remained was 
increased as much as 25 per cent, leaving the remainder 
of the saving to be distributed between ownership as in 
creased profits and the general furniture-consuming mar 
ket as reduced prices. From the social standpoint this 
solution of the problem was extremely incomplete. The 
40 men must eventually compete in the labor market with 
the 60 who remained, and thereby reduce wages to a 
figure lower than ever if this condition is general in all 
industries. 

The 4o men are problems, for it is foolish to assume, 1f 
the history of the 1921-1930 period means anything, that 
they have but to go around the corner to find other work 
In the first place, some of that work is no longer to be 
had. In the second place, years of specialization as 
cabinet makers, ownership of real estate, education of 
children, family tradition, oid age, attachment to en 
vironment, all resist the easy flow of labor from one job 
to another. Can a small reduction of price to each of 
the thousands who make up the furniture-using market 
be looked upon as an equitable compensation for the dif 
ficulties of the 40 men and their families, especially when 
it is entirely probable that many of the ordinary manu 
facturing economies entirely disappear before reaching 
the ultimate consumer because of the many hands through 
which the product must go, jobbing house, wholesaler 
retailer? 

The ethics of various dispositions of profits is not a 
subject for discussion here, except that it may be pointed 
out that inflated profits are not immediately productive 
of purchasing power. But when there is an alternative 
of passing a saving on to the ultimate consumer as against 
sharing it with employees, it certainly seems as if the 
prior obligation is to the employees who have done 
something to earn the reward. Had the furniture manu 
facturer reduced working hours enough to retain all 10 
cabinet makers without changing wages, he still would 
have made a saving in overhead charges for depreciation, 
power, heat, etc., and the furniture market would have 
remained in equilibrium. Likewise the employees 
would have had a new incentive for efficiency, an incen 
tive behind which lay no threat of unemployment for 
some of their number. Under such conditions it would 
be quite within reason to expect from labor enthusiastic 
support of research and engineering. 

A proposal of this kind which shares savings with the 
productive labor concerned at the expense of eithe: 
ownership or the consuming market or both, is plainly 
a form of profit sharing. The approach, however, 1s 
somewhat different from the common conception of 
profit sharing, which frequently carries the suggestion of 
philanthropy and paternalism. This approach is an 
attempt to keep price levels, employment, and purchas 
ing power on an even keel at their source by the immedi 
ate application of corrective forces, instead of waiting 
for an extremely complicated economic system to build 
up corrective forces which eventually carry all before 
them in one devastating crash. 

















Marcu, 1932 


Some variations of this proposal to retain labor and to 
maintain prices constant in order to reduce the distur- 
bances of efficiency changes are as follows: 
The engineers who initiate efficiency increases might 
appropriately be called upon to design improvements 
in quality which by their added labor cost would 
completely offset labor savings 
Efficiency gains which are not the result of labor 
saving can be dissipated by wage increases or by re 
ducing working hours and hiring more labor with 
out change of the total wage per person 
» At times engineers have alternative methods of ob 

taining savings. Of these the one involving the least 
labor elimination is to be chosen, even though some 
of the advantages of machinery over labor are lost. 


Many objections can be found to proposals of this kind: 


1 The employers of a given neighborhood do not like 
to vary widely in their treatment of employees. 
It would be embarrassing for an efficient enterprise 
to operate on a six-hour day while a less efficient 
neighbor required eight hours 
If most of the rewards of efficiency go to labor, 
ownership would have a reduced incentive toward 
investing the capital essential to some efficiency de 
velopments 

3 A policy of fixed prices might stifle many of the desir- 
able characteristics of competition. 


As stated before, the object in this discussion is not 
to examine the distribution of profits between labor and 
ownership. Needless to say, ownership, if it is to re- 
main private instead of governmental, must have some 
incentive in the form of profits if capital is to be accumu- 
lated for new or expanded enterprises. But it has been 
the object of this discussion to point out that the rewards 
of efficiency which normally go to the general market 
as lower prices might better, in the interests of economic 
equilibrium, go to the management and labor of the 
enterprise responsible for the efficiency increase. 


DIAGNOSES AND RECOMMENDATIONS 


Our daily news shows the emergence from rather sur- 
prising sources of diagnoses of our economic maladjust- 
ments and of recommendations for treatment. From the 
most conservative of Government officials comes the pro- 
nouncement that wages and standards of living must not 
fall. A national organization quite far removed from 
organized labor and from socialism, and a high ecclesi- 
istical authority, call for a more even distribution of 
wealth. An industrial leader points out the disconcert- 
ing effects of improved methods in eliminating the need 
for labor at a time when the policy of his organization 
s to retain all employees. Many in the ownership class 
ire calling for governmental regulation to prevent the 
lisastrous effects of competition. These ideas are not 
hose of radicals, they are the considered opinions of re- 
sponsible people, colored doubtless by the despair of 

epression. They center on the knowledge that there 
is enough material wealth to ‘‘go around’’ and that the 

me and effort required to fulfil the material wants are 


189 


less than ever before, and the belief that those who want 
to work are entitled to the opportunity. Surely it 
should be possible to make available the benefits of ef- 
ficiency gains to society via the individual worker with- 
out going through the cataclysmic growing pains we 
have experienced. Any measure bringing higher ef- 
ficiency to an industry should first protect the workers of 
that industry by assuring them a continued livelihood on 
the same or a higher plane, and, second, it should reward 
the consuming market with greater purchasing power 
and constant prices. 

The destructive lack of control over the growth and 
efficiency of industrial power is evident to all who care to 
think about and listen to the talk of the day. Either 
labor and management will soon insist that control be 
placed in governmental agencies, or else a far more en- 
lightened and scientific attitude toward the responsibili- 
ties of industry and commerce must be adopted by private 
enterprise, individual and corporate. This attitude in- 
volves a thorough revision of sales-promotion and cost- 
reduction policies, and, most of all, a change of thought 
toward competition and toward the bases for the distri- 
bution of profits. Society has been adrift on a headlong, 
uncharted flow of natural resources and productive 
power. Some of the boundaries originally set for the 
stream, such as the doctrine of Malthus, the starvation 
theory of wages, and the insatiability of human wants, 
are losing control. New limits based on changed social 
values and a vastly altered power to produce need to be 
erected if we are to make the most of our power abun- 
dantly to satisfy human material wants. 











The Basic Laws and Data of 
HEAT TRANSMISSION 


By W. J. 


N ENGINEER'S stock in trade consists very largely in 
his knowledge of the fundamental physical processes 
and laws governing the utilization of energy in various 

Heat is a basic form of which 
appears in all transformations from one form of energy into 
another. 


forms. energy, invariably 
There is almost no form of engineering which does 
not involve problems in the generation, transmission, or dis 
sipation of heat. It therefore behooves engineers in general 
to know something about heat, and it is evident on all sides 
that most engineers do not know nearly enough about this 
essential part of their professional equipment. 

The literature of heat transmission consists of a mass of 
widely scattered articles on particular aspects of the subject, 
and these form a rather chaotic and confusing picture. A 
considerable portion of it is published in foreign languages, 
particularly the German, which permeates very slowly Ameri- 
can engineering practice. Many of the experimental results 
are unreliable and inconsistent, and it is frequently very diffi- 
cult for a busy engineer to obtain dependable information in 
immediately usable form. 

The purpose of the present series of articles is therefore to 
outline what every engineer ought to know about heat trans 
mission, to separate the wheat from the chaff in the voluminous 
and incoherent literature of the subject, and to present the 
most significant results in convenient form for general eng 
neering use. This work is based on an intensive study, during 
the past four years, of all phases of heat transfer, including 
an exhaustive survey of the literature, a study and develop- 
ment of the theory, a continuous series of experiments in the 
laboratory, and the practical 
application of the results to 
a wide variety of engineer- 
ing problems. It was origi- 
nally prepared in the form 
of lectures to be delivered 
to classes in the Advanced 
Course in Engineering con- 
ducted by the company with 
which the author is associ- 
ated, the purpose of this 
course being to provide me- 
chanical and electrical engi- 
neers with information 
which is considered essential 
to their training in connec- 
tion with the design and ap- 
plication of all types of ap- 
paratus. 


I—GENERAL SURVEY 


Although the manifesta- 
tions of heat have been 
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studied by engineers and physicists as far back as the beginnings 
of science, there are two aspects of heat transmission which have 
hindered the progress of this subject and caused it to lag behind 
the more highly developed fields of mechanics, electricity, and 
chemistry In the first place, heat is very difficult to control 
and measure. It is almost impossible to keep it within definite 
direction, even with the 


and accurate 


channels; it usually leaks in every 


best insulators available. There are no convenient 
heat-flow meters, corresponding to the electrical ammeter, 
and the greatest care is necessary to obtain accurate tempera 
ture measurements. In the second place, it is only in a small 
degree amenable to mathematical analysis and manipulation, 
because of the number of variables involved and the uncer 
tainty of the boundary conditions in most problems As a 
consequence, physicists and mathematicians have rather neg- 
lected the study of heat transfer, although the mathematical 
analysis of conduction has received considerable attention, 
and engineers usually resort to empirical data and cut-and-try 
methods. It is frequently considered more expedient to set 
up apparatus and run tests to obtain the desired results than 
to attempt to predetermine them by calculation 

On the other hand, there are two arguments in favor of the 
theoretical and practical study of general heat-transfer prob 
lems. First, in spite of the difficulties, there are many in 
stances in which the application of mathematical analysis 
yields very interesting and useful results. This is particularly 
true of the use of dimensional analysis in correlating an in 
coherent mass of data, enabling new facts to be predicted 


outside the immediate field of 


Secondly » any 


observation. 
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The compartments located on the sides contain the surface air coolers 


resort to direct experiment or test usually involves a great 
deal of delay, expense, and care if trustworthy results are to 
be obtained. The sources of error in working with thermal 
apparatus are manifold, and they are sometimes not suspected 
even after the tests are completed. Almost invariably the 
difficulties are not fully appreciated at the start. The author 
has frequently rebuilt experimental set-ups two or three times 
before satisfactory The literature 


of heat transmission is replete with illustrations of the con- 


results could be obtained 


fusing and misleading results of poor experimental technique 
However, there have been many experienced investigators who 
have taken pains to secure the utmost accuracy in their work, 
and the intelligent use of their data, together with the funda 
mental principles and theory, will often save a costly series 
of experiments and redesign of the apparatus 

There is, therefore, a very real occasion for further study in 
the field of heat transmission by engineers and physicists, with 
a view to developing more adequate theories, clearer con- 
ceptions of the mechanisms involved, and more accurate data. 
Physicists in particular are in a position to render a valuable 
service in this ficld, because their training and methods are 
especially adapted to the refined technique and scientific per- 
spective which are necessary for obtaining reliable data and 
correlating them into rational formulas. 

In this connection, relevant remarks on the 
neglect by modern physics of pressing engineering problems 
are contained in an article on ‘‘Physics and Metallurgy,’’ by 
Gillett and Russel, in the first number of the American Physical 
Society's new journal, Physics. As these authors put it, 
‘What metallurgy needs is not the present crop of lop-sided 
atomic specialists, but general practitioners of physics who 
are interested in and keep somewhat abreast of the newer 
physics, but at the same time do not consider the law of gravi- 
tation beneath their dignity.’’ Heat-transfer problems are 
listed among those needing immediate attention. From the 
engineering point of view, it would seem that physicists are 
fiddling while Rome burns. It is hoped that the present study 
will help to call the attention of laboratory workers to the 
many interesting problems in the field of heat transmission 


some very 


TURBO-GENERATOR AND ITS COOLING EQUIPMENT 
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which offer opportunities 
for making significant con- 
tributions to this branch of 


engineering physics. 
FUNDAMENTALS OF HEAT 


An excellent presentation 
of the fundamentals of heat 


will be found in Preston's 
. Eneory of Heat,"’* or ta 
Croft's ‘Practical Heat.’’* 
For the present purposes 


heat may be regarded as a 
manifestation of 
motion 


molecular 
The exact nature of 
heat is as elusive as that of 
light or of electricity; it can 
be visualized only in terms of 
About all that 
can be said is that heat is a 


its effects 


form of kinetic energy which 
manifests itself in physical 
bodies by such effects as in 
crease of temperature, in- 
crease of volume, and change 
of state. 

In English and American 
engineering practice, quantities of heat are measured in British 
thermal units (Btu). A Btu is usually defined as the amount 
of heat required to raise the temperature of one pound 
of water one degree fahrenheit. Since the specific heat of 
water varies slightly with the temperature, a ‘“‘mean Btu’’ is 
sometimes defined more precisely as 1/190 of the amount of 
heat required to raise the temperature of a pound of water 
from 32 F to 212 F. The thermal energy of one Btu is 
equivalent to the mechanical energy required to lift a weight 
of 778 pounds through a height of one foot. 

Having conceived of heat in mechanical terms as due to 
molecular vibration, two methods by which it may be trans- 
mitted are immediately suggested: (1) The vibratory motion 
may be transmitted progressively from molecule to molecule 
by impacts (conduction), or (2) the vibrating masses may be 
conveyed bodily from one place to another by circulation or 
mixing within a fluid (convection). A third method, less ob 
vious and direct, is by radiation. The mechanism of this process 
may be visualized by assuming that the vibrating molecules set 
up waves in the ether, which travel through space just as light 
or radio waves do. These waves are transmitted, reflected, 
or absorbed in varying degrees by different substances and sur- 
faces. When they are absorbed, the radiant energy is again 
converted into sensible heat. 

These are the three fundamental heat-transfer processes 
Evaporation and condensation are usually regarded as special 
cases of convection and conduction. 


NOMENCLATURE 
Before taking up the study of particular aspects of heat 


2**Theory of Heat,’’ by Thomas Preston. Fourth Edition, Mac- 
millan Co., London and New York, 1929. 

3 “Practical Heat,’ by Terrell Croft. 
1923. 

4 All of the phenomena of radiant energy cannot be explained in 
terms of a eae mechanical theory. In modern physics the wave 
theory and the corpuscular or quantum theory are maintained as alter- 
native descriptions of a process which can be expressed adequately 
only in mathematical terms. In many respects they are equivalent, 
and for practical purposes the wave theory provides a satisfactory con- 
ception of the mechanism. 


McGraw-Hill, New York, 
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transfer, it will first be necessary to define some of the terms, 
and to discuss the general relations involved when several 
processes act in conjunction. 

The following definitions and symbols have been approved 
by the National Research Council Committee on Heat Trans- 
mission and the American Standards Association: 


Area ie aseders ot 
Temperature, Selbouaiein or centigrade ake 
Temperature, fahrenheit absolute or Kelvin T 
Length of path of heat flow, thickness. . L 
Total quantity of heat transferred...... Q 
Time (when ¢ is used for temperature). 
Thermal] transmission (heat transferred per unit time) q 
= Q/r 
Thermal conductivity (heat transferred per unit time per 
unit area and per degree per unit length)........... k 
Thermal resistivity esate 1/k 
Thermal resistance (degrees per unit of heat transferred 
se er ee ne R 
Thermal conductance (heat transferred per unit time per 
ER ewe cere error oi re C 


Thermal conductance per unit area, sometimes called 
“unit conductance’ (heat transferred per unit time 
per unit area per degree)... ‘pare cobacs ede cnn oe 
Surface coefficient of heat transfer; film coefficient of heat 
transfer, individual coefficient of heat transfer (heat 
transferred per unit time per unit area, per degree).. hh 
Overall coefficient of heat transfer; thermal transmittance 
per unit area (heat transferred per unit time per unit 
area per degree overall). U 


It is probable, and highly desirable, that these will be 
generally adopted. For one thing they are consistent with the 
terms used in electrical engineering, and will help to keep 
clear the analogy between the flow of an electric current and 
the flow of heat. 

A very definite objective of this work is to convey a general 
perspective of the relative orders of magnitudes of the various 
forms of heat transfer by expressing all final results in 
homogeneous terms. Experience has shown that it is very 
helpful to think of all types of problems in terms of a common 
unit or coefficient. In most practical cases the heat is trans- 
ferred by several processes acting in parallel or in series, and 
it is necessary to appreciate the relative significance of each. 
For example, heat is usually transferred across an air space by 
conduction, convection, and radiation in parallel, any one 
of which may be the controlling factor. And in a steam 
boiler the absorption of heat from the flue gases by the water 
takes place by three processes in series: forced convection 
from the gases to the heating surface, conduction through the 
metal wall, and free convection to the water on the other 
side. In all cases the convection coefficient on the gas side 
is the limiting factor, although a manufacturer of a copper- 
tube domestic heating boiler has recently been advertising 
the alleged fact that his boiler absorbs heat eight and a half 
times as fast as a steel boiler, because the conductivity of copper 
is eight and a half times that of steel. 

In order, therefore, to put these various heat-transfer rates 
on a comparable basis they will be expressed in the form of 
coefficients Cheat flow per unit time per unit area per degree 
temperature difference). A further advantage of this method 
is that several such coefficients can readily be combined, in 
cases where the heat flows by various processes in parallel or 
in series. 
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UNITS 


English engineering units will be used, with the coefficients 
in British thermal units per hour per square foot per degree 
fahrenheit. Conductivities of materials will be based on a 
thickness or length of one inch. The conduction coefficient 
for any given thickness of material can then be obtained from 
the conductivity by dividing by the thickness in inches 
Some authors use the foot as the unit of length, thus referring 
the conductivity to a cubic foot of the substance. While it is 
undoubtedly more consistent to use a single linear dimension 
for both the length and the area, there are two arguments in 
favor of the inch as the unit of length: (1) It is almost uni 
versally used in practice, as the ‘‘commercial conductivity,” 
and engineers are accustomed to thinking in such terms; and 
(2) in most conduction problems the material is a few inches 
or a fraction of an inch in thickness, so that this unit is more 
convenient and gives a better idea of the actual magnitude of 
the rate of heat flow. 


OVERALL VS. COMPONENT COEFFICIENTS 


In connection with problems involving the transfer of heat 
by several different processes in combination, it has frequently 
been the practice to deal only with the overall coefficient, as 
from one fluid to another across a dividing wall. While such 
coefficients are undoubtedly convenient for many engineering 
purposes, this sort of treatment does not bring out the effects 
of the individual components, and the data are not of such 
general utility as when the ‘‘film"’ or surface coefficients are 
studied separately. The analysis of heat-transfer processes 
into the conduction, convection, and radiation components 
is just as logical and necessary as the resolution of electrica] 
impedance into resistance, inductance, and capacitance is in 
electrical engineering. Hence in the present work the inde 
pendent basic mechanisms will first be treated separately, after 
which it is a simple matter to combine them to get the overal! 
coefficient for any particular case. 


COMBINATION OF PARALLEL OR SERIES PROCESSES 


For this purpose it is convenient to let the symbol C reter 
not only to the heat flow by pure conduction, but also to the 
“equivalent conductance”’ of radiation, convection, etc. That 
is, C is the heat transferred by any process per unit time per 
degree. Thus any individual coefficient may be changed to 
an equivalent conductance by multiplying by the corresponding 
area: 


= Ash; 


In the case of pure conduction, the conductance of a specifi 
path may be expressed in terms of the conductivity of the 
material, the cross-sectional area, and the thickness, thus 


koAe 
C; = yo 
from which it may also be seen that k/L is the conduction 
coefficient (h) for a given thickness of material. 
If the heat flows by several processes in parallel, the com 


bined conductance is then 
C=Q,+02+Cy 
and in the case of series flow, 


1 ] 
¢ -ctctz 
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If the area for each process is the same, the individual ment, and density is essential to a general perspective of heat- 
coefficients may likewise be combined: transfer processes. The significance of some of these effects 
is illustrated by the fact that the presence of a trace of arsenic 
in copper may reduce its conductivity by as much as 60 per cent. 


U = hy + he + hs for parallel flow 


and Some years ago the author attempted to eliminate the 
, 1 1 | conduction and convection (leaving only radiation) across 

77 i, + h + he for series flow an air space between two concentric cylinders by pumping the 

. ' air down to a low pressure with a vacuum pump. The 


In many practical cases, as in the exchange of heat between convection was effectively eliminated, but the conduction was 
two fluids through a thin metal wall, the conduction coefficient still very considerable. It was then found that according to 
of the metal is so large that its reciprocal may be left out of the kinetic theory the conductivity of a gas is independent 
of the pressure, down to extremely low pressures. However, 
if such a space is filled with a fine powder, even a metallic 
rr. ] powder, radiation and convection are practically eliminated, 
UO he” he and the conduction may be reduced below that of air alone if 
the pressure is pumped down to a moderately low value 


the equation for series flow, so that 


If the individual coefficients h; and he are equal, U will be 
one-half of the value of either component. In any case, it is FREE CONVECTION 
important to remember that the overall coefficient for sertes flow 
15 always less than the smallest individual coefficient. For example, 
suppose that the coefficient for air flowing over a copper tube 


By free or natura] convection is meant the transter of heat 
by the circulation of a liquid or gas which is induced by the 
density changes due to heating or cooling. Under this head- 


; h, - 6 and = — for water circulating through ing it is proposed to discuss the mechanism of the process, 
ee ee ae ee ee the temperature and velocity distributions in the fluid moving 
| 1 | 21 over a surface, and the effects of size, shape, orientation, 

[ 10 * 200 200 temperature, and other factors upon the convection coefficient. 

In connection with free-convection problems, what is usually 

of wanted is the surface coefficient, or the heat transfer per unit 
U = 9.52 time per unit area per degree difference in temperature between 

the surface and the main body of the fluid in contact with it 

If now the water velocity is increased until hz = 400, the Qnce the proper value of the coefficient is obtained, it is an 
overall coefficient becomes U = 9.75. This should make easy matter to calculate the heat flow by substituting in the 


clear the fact, which some engineers do not seem to appreciate, equation 

that there is no advantage in increasing an individual coefficient 

which is already high when the overall is limited by another q = AWG — f2) 

process in series with it cheat flow = area X coefficient X temperature difference) 

However, the coefficient is influenced by many factors, and it 

is perhaps the principal objective of the study of free convec 
The following outline will indicate the types of problems tion to appreciate the effects of these variables and to formu 

which will be discussed in the succeeding articles, and the late them so that the coefficient for a definite set of conditions 


SUBJECT-MATTER 


method of treatment. may be calculated. To this end general formulas will be 
The subject-matter will be divided into the following — given, from which the convection coefficients may be obtained 
sections for various bodies in any gas or liquid, as well as simplified 
oe formulas and curves for specific cases occurring commonly in 
Free or Natural Convection Penetees. 
Forced Convection FORCED CONVECTION 


Radiation 


. : In the typical forced-convection problem the velocity of the 
Evaporation and Condensation. : : 


main body of the fluid is large compared with that of the 
lc will be possible within the limited space available to treat natural-convection currents generated at the heating surface 
only those aspects of each subject which are of most general Formulas for the convection coefficient are therefore usually 
significance or which occur most frequently in practice. How- expressed in terms of the main fluid velocity, together with 
ever, carefully selected bibliographies will be added to each certain other factors such as the viscosity and specific heat. 
irticle, and referred to in the text, to point out where more There is, however, no sharp line of demarcation between the 
letailed information on particular problems may be obtained. two processes, and in some cases where the nominal velocity 
is low, the heat transfer is governed mainly by the effect of 
the temperature difference in setting up natural-convection 
Under the heading of Conduction, only the fundamental currents in the surface film. For example, in oils or water 
aws and formulas governing the steady flow of heat through flowing through pipes at velocities less than about one foot 
simple bodies and combinations of paths will be discussed. per second, the coefficient may be independent of the velocity. 
Most engineers are not familiar enough with Heaviside’s Thus some ostensible forced-convection problems should be 
perational calculus, Bessel’s functions, etc. to handle problems _ treated as cases of free convection, or as combinations of the 
volving transient heating and cooling or complex boundary two. 
onditions, which are perhaps best left to mathematicians. Most of the work on forced convection has been concerned 
On the other hand, an acquaintance with the thermal con- with fluids flowing through pipes, because of the industrial 
ductivities of various classes of materials, and the effects of importance of such problems. Considerable data are also 
ich factors as temperature, pressure, impurities, heat treat- available on fluids flowing across wires, cylinders, and plane 


CONDUCTION 
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surfaces. More information is needed on the heat transfer 
from surfaces to fluids at very high velocities, particularly in 
connection with aeronautical work. In fact, the general 
problem of forced convection is closely associated with the 
problems of hydrodynamics and fluid flow. In many heat- 
transfer problems the pressure drop and power required to 
circulate the fluid must be taken into account in the economic 
balance. It is sometimes stated that turbulence is very de- 
sirable in a heat exchanger, in order to secure high rates of 
heat transfer, but there are many indications that higher 
coefficients might be obtained more efficiently by using higher 
velocities with the minimum amount of turbulence. However, 
where pressure drop is not important, a heat exchanger may 
be made more compact and effective, for a fixed rate of flow, 
by promoting turbulence. 


RADIATION 


The aspects of radiation which are of most interest to engi- 
neers are che laws governing the exchange of radiant energy 
between bodies of various configurations, and the factors 
affecting the emissive and absorptive powers of surfaces and 
masses of materials. The laws and fundamental constants are 
pretty well determined, but there is a definite need for more 
information on the emissivities of various surfaces and of 
flames. 


EVAPORATION 


Evaporation seems to have been studied less than any other 
heat-transfer process. Until very recently there have been 
almost no data available on anything but large industrial 
evaporators. Some of the author's associates have been con 
ducting an experimental study of the evaporation of tefriger- 
ants, and a few data have been received from other laboratories. 
The mechanism of the process has been pieced together to 
some extent from scattered sources, and some new facts, as 
well as some interesting new problems, have been brought to 
light. 

For example, it appears that the phenomenon of liquid 
superheating is one of the principal factors controlling the 
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heat-transfer coefficient. There is no discontinuity in the 
temperature gradient at a metal-liquid interface, but the 
liquid in the surface film is heated considerably above the 
boiling point. The greater part of the temperature drop from 
the metal to the main body of the liquid occurs in this super 
heated film. Some of the factors affecting this phenomenon 
have been isolated, and it has been found possible to increase 
the coefficient by reducing the tendency of the liquid to super 
heat, but there are still some rather mysterious features about 
it. 
CONDENSATION 

The mechanism of condensation has received considerable 
study, and the data for condensing steam have been fairly well 
organized. The practical application of the results, however, 
is very much hampered by the fact that the coefficients are 
greatly affected by the percentage of air or other non-conden 
sables, which is difficult to predict or to measure. 

A few data are available on the condensation of other vapors, 
and a theoretical formula has been developed for predicting the 
coefficient in terms of the properties of the fluid, etc. 


REPRESENTATIVE COEFFICIENTS 


Before taking up the separate study of these heat-transfet 


Bru per 
hr pet 
sq ft per 
deg I 
Conduction through '/)¢ in. of copper 42 6X 
Conduction through 1 in. of corkboard ).3 
Conduction through '/j¢ in. of oil 1. 5 
Conduction through !/, in. of air... 67 
Free convection, plane surface in ait 6 
Free convection, plane surface in water 15 
Forced convection, water in pipe 1 20 
Forced convection, air over tubes S 
High-temperature “‘black-body’’ radiation 8 
Low-temperature “‘black-body”’ radiation | 
Evaporating water 1,0 
Evaporating refrigerant 15 
Condensing steam 2,00 
Condensing organic liquids 3 


processes in greater detail, it 
will perhaps help to develop 
a perspective of the relative 
magnitudes if a list of rep 
resentative coefficients for 
the conditions which com 
monly occur in practice ts 
given The above coeffi 
cients are therefore offered 
as typical values, although 
some of them may vary 
widely with the temperature 
or velociry. 

As an example of the ef 
fect of some of the varia 
bles, it can be stated that 
the forced-convection coeffi 
cient for a fine wire in alt 
may be 100 times as large 
as that for a 10-in. pipe, 
with all other conditions 
the same. It is very neces 
sary, therefore, to understand 
these effects in order to ob- 
tain a reasonable degree of 


(This design results in higher capacity, and permits the unit to be installed outdoors.) accuracy. 

















STEAM CHART for 
SECOND-LAW ANALYSIS 


A Study of Thermodynamic Availability in the Steam Power Plant 


By J. 


TIS HARDLY 


revolution in the exposition of the thermodynamics of 


fluid flow liscovery 


more than ten years since the beginning of a 
This revolution consisted not in the « 
of a new principle but in the recognition of the importance oft 
in old one The principle is summed up in the energy equa 

) 


tion of continuous flow, which, when expressed in ft-lb per Ib, 
V Y 
l O+UH 
> ) ' 
| | 
/ nd () lH 
Pu. es ~ 
vhere l internal energy per |b of fluid 
} enthalpy or total heat per Ib of fluid 


pressure in lb per sq ft abs 
specific volume in cu ft per Ib 
V velocity of fluid, ft per sec 
potential energy above datum, ft-lb per Ib 


Q = heat transferred to fluid from outside source per Ib 
of fluid 
W = work done against outside forces per Ib of fluid, and 


Subscripts 1 and 2 refer to conditions at sections 1 and 2, 
Fig. 1 


Fully nine-tenths of all mechanical-engineering problems in 
thermodynamics involve in their solution the continuous-flow 
analysis. But Equation [1] has done more than to play its 
part as an analytical tool. It has brought precision and sim- 
plicity into the exposition of engineering thermodynamics. 
It has removed all question as to the definition of enthalpy? 
or total heat (namely, U + pv)—particularly has it eliminated 
the definition involving heat put in at constant pressure. It 
has eliminated much complex and fruitless reasoning concerning 
friction and irreversible processes in general, for its validity 
does not depend on the assumption of reversibility for any 
processes which may be going on between section 1 and section 
2. It has nailed down the concept and definition of heat, a 
quantity which in earlier days was frequently confused with 
internal energy and even with work in irreversible processes. 
In short, Equation [1] is the simplest and most inclusive state- 
ment of the first law of thermodynamics for continuous flow 
of fluids. 

' Assistant Professor of Mechanical Engineering, Stevens Institute 
of Technology, Hoboken, N. J. Assoc-Mem. A.S.M.E. 

? I speak here only for the mechanical engineer. In the field of 
physical chemistry there has been no confusion concerning the defi- 
nition of enthalpy. 

Presented at the Steam Table Session of the Annual Meeting, New 
York, November 30 to December 4, 1931, of THe American Society 
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[he engineering state of mind with regard to the second law 
of thermodynamics is at present in that confused, contradic- 
tory, and uncertain state which characterized first-law reason 
Ing two decades ago The engineer realizes, of course, that 
of two equally inefficient stages in a steam turbine the stage 
at the higher pressure does less damage to his overall perform 
ance than does the stage at lower pressure. He has codified 

He realizes that 
steam 


water in extraction heaters cause losses in availability, but he 


this statement in the so-called reheat factor. 


temperature differences between extracted and feed 
finds the computation of such losses an involved process quite 
unlike the usual run of analyses which he encounters. He 
knows that a Btu of enthalpy in his circulating-water outlet 
is less marketable and less valuable than a Bru of enthalpy 
in his steam main, but a quantitative statement of this fact, 
particularly in the case of complex cycles, is not easily ob 
tained. It appears that there is a need for an Equation [2] 
expressing the second law of thermodynamics for continuous 
flow much as Equation [1] expresses the first law. 
AVAILABILITY 


.’ we know them must work within an en 
vironment, an indefinite atmosphere. This atmosphere has an 
absolute 
po, and an absolute 
temperature, To. 
Presumably this 
To is, in practice, 


Heat engines 


pressure, 
W fovt) 


— 








the lowest tem- an (2 
perature at which 
we can find an in- ec 





definite amount of . 











; : | 

material to which | Q(in) Z 

we may reject heat. | 

It is obvious that 
— 


a body of fluid at 
rest at pressure po 
and at temperature 
To is in complete equilibrium with its environment. 
condition might be thought of as a ‘‘dead state." 

Let us define the availability of a pound of fluid in continuous 
flow at condition 1 (Fig. 1) as the maximum amount of useful 
work which any heat engine, however simple or complex, can 
deliver against outside forces to a shaft, or to storage in an 
elastic-spring reservoir, or to any other mechanical device, 
by changing the condition of the flowing fluid to the dead state 
where p = po, T = To, and V=0. It is assumed, of course, 
that no heat can be supplied to the fluid except from the en- 
vironment at temperature To. 

We can simplify the problem for the moment by assuming 
negligible kinetic energies. Starting from the above definition 


FIG. 1 THE CONTINUOUS-FLOW PROBLEM 


Such a 
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of availability, it 1s shown in the Appendix that for this sim- 
plified case the availability at condition 1 is (Ay — Tos.) — 
(ho — Toso), where ho and so are respectively the enthalpy 
and entropy of a pound of fluid at condition po, To. Likewise 
at condition 2 the availability is (hg — Tos2) — (ho — Toso); 
and the change in availability per pound of fluid that occurs 
between section 1 and section 2 is 


hz — To52) Ch, ’ Tos) 


\ 


Let us adopt the symbol 4 for the function (kh — Tos). Then 
the change in availability between condition 1 and condition 2 
is b; —,. Since kinetic energy is a completely available form 
of energy, this last statement may now be expanded to include 
it: thus 


ss V.? se * 
Availability increase]; = (+. as ) . (s, + - : ) [2] 
28 28 ; 


If the sum of the l-subscript terms exceeds that of the 2-sub- 
script terms, then the increase is negative, that is, there is a 
decrease in availability between 1 and 2 

If a number of fluid streams enter a piece of apparatus the 


*To complete the analogy with Equation [1] it is necessary to 
include the effect on availability of changes in potential energy above 
the datum. This is done in the Appendix. 












F1G. 2 6,5 DIAGRAM FOR STEAM AND WATER 

The base temperature is 50 F; To = 459.63 + 

50.00 = 509.63 F. Changes in 4 between any 

two states for other base temperatures between 

30 and 70 F may be found by measuring changes 600; 

in vertical height above the corresponding base 
line. ) 
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gain in availability which can be credited to the processes 
; lah ; dhe 

going on in it is the difference between 2w (3 + 5, ) at exit 
§ 


and at entrance (w being the number of pounds per second 
flowing in any one stream). As usual, if this difference is 
negative there has been a decrease in availability during the 
passage through the apparatus. 

Equation [2] was, I believe, first derived and published by 
Darrieus in June, 1930.4 It promises to be as revolutionary 
in its effect on thermodynamic reasoning as Equation [1] has 
been. As the Mollier or h,s diagram has been extremely 
useful wherever the energy equation of continuous flow is 
necessary to an analysis, so a 6,s diagram (Fig. 2) will be 
useful wherever the availability equation is to be used 


THE SIMPLE POWER-PLANT CYCLE ON THE b,s DIAGRAM 


Let us assume for simplicity that changes in V*/2g in Equa 
tion [2] are negligible and analyze a few cases for changes in 
availability. 

It is obvious that for a simple reversible Rankine cycle 
ONMO (Fig. 3) the change in availability for each pound of 
fluid during the constant-entropy expansion is the change in 


* Reoue Generale de Ll’ Electricite, Junc 21, 1930, vol. 27, pp. 963-968 
It appeared in translation in Engineering, September 5, 1930, pp. 283-285 
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FIG 3 SIMPLE POWER-PLANT CYCLES, REVERSIBLE AND 
IRREVERSIBLE 
b, or ba by. Since by is larger than bw, the difference is 


negative and the change has been a decrease. For any con- 


stant-entropy change the change in 6, which by definition is 
h Tos 


the second 


is equal to the change in h because the change in 
term 
find that the work for this constant-entropy case ts 


IS zero But from the energy equation we 


W = —hu — hy) = bu — by 
the minus sign indicating that the work is positive (done by 
the fluid) when the change in A or b is negative 

The above equation might have been arrived at by reasoning 
from namely, the maximum 
work heat engine can deliver against outside 


our definition of availability, 
which any 
forces while changing our fluid from condition p, T, h, etc. 
to condition po, To, Ao, etc. without involving any heat 
reservoir at a temperature other than To. By the usual Carnot 
reasoning it may be shown that this maximum work will be 
obtained by following any system of reversible paths between 
p, T, h, and po, To, ho. Obviously, the constant-entropy 
line NM might be part of such a system of paths in that it is 
reversible and involves the use of no heat reservoir. Thus 
the maximum work which can be obtained between M and 
the dead state is less than that between N and the dead state 
by exactly the amount of work done between N and M 
Whence it follows, —Chu — bw) = W. 

Since 6 is a property of the fluid, the change in 6 around any 
closed cycle must be zero. Or, the sum of the losses or reduc- 
tions in availability throughout any closed cycle must be of 
equal and opposite magnitude to the sum of the gains in avail- 
ability in that cycle. Again using the simple Rankine cycle, 
expanding to Ty aud within the mixture region, it is found 
that all change in 6 between the steam supply and the con- 
lenser hotwell occurs during the expansion, there being no 
loss in availability in the condenser. Consequently the gain 
in availability between the hotwell and the steam main must 
be equal to the loss during the expansion. This is obvious 
from the diagram. 

If we introduce some irreversibility into the expansion to 
lo we find that the change in availability remains the same 
provided that the expansion ends within the mixture region). 
This must be so because the availability increase between 
condenser and steam main remains unchanged, and this increase 
must equal, in magnitude, the decrease during expansion. 

The work done during the expansion is now less than in the 
reversible case and is equal, according to the energy equation, 
at 


W = — Ah < — Ab 








ei Peo a 
[he ratio of work done to decrease in availability for any 
irreversible adiabatic process is thus less than unity, or 


W ah 
Ab 7 Ab 


Darrieus suggests that this ratio be called the efficiency of a 
turbine or a turbine stage, and that it supplant the better- 
known efficiency, W/Ah, (Ah, being the constant-entropy 
drop in enthalpy between the initial state and the final pres 
sure). It will be shown below that this ratio is a valuable 
addition to our thermodynamic vocabulary, but to avoid 
confusion it would be well not to give it a name already firmly 
attached to another definition. I shall call it, for want of a 
better name, effectiveness: thus, 


work 





Effectiveness = ET Ee eT 
decrease in availability 


RESUPERHEATING AND EXTRACTION FEEDWATER HEATING 


For more complex cycles the 4,5 chart permits a ready 
allocation of losses in availability throughout the power 
plant. Each device through which passes all or part of the 
stream of water or steam can be charged with a very definite 
portion of the total availability provided by other devices 
For instance, availability is added from outside the fluid system 
by the feed pumps, economizer, boiler, superheater, and re 
superheater, and an amount equivalent to the total of all these 
additions is lost in the turbines, condenser, feedwater heater, 
etc. Only in the case of the turbine is any of the availability 
converted to useful work, and there only part is so converted 
Decreases in availability in excess of work done constitute 
complete and irrecoverable losses.® 

The example worked in Fig. 4 shows that the major increase 
in availability occurs in the boiler, superheater, and resuper- 
heater. Minor gains occur in the feed pumps, in this case 
about '/2 per cent of the total. On the energy basis the feed 
pump work (3.2 Btu per Ib) is only '/4 per cent of the heat 
added (1308.8 Bru per lb). Note that the availability analysis 
gives a truer picture of the importance of feed-pump work 
than does the energy analysis. The difference between these 
two percentages tells us quantitatively what we have long 
appreciated qualitatively: that a given amount of work is 

5 Kinetic energies at the sections studied are again assumed to be 
negligible. It should be noted that no special treatment of heat losses 
is necessary. Except in the case of heating and cooling devices, such 
as boiler, superheaters, condensers, etc., the conditions may be quite 
adiabatic on gat be accompanied by important losses in availability. 


Where heat losses do occur the total loss in availability is found as 
usual from the change in b. 
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Increases in Availability Bru of total 
Main feed pump: 0.8524 (3.2 0.2 = 2.6 0.42 
Drip — 0.1476 (44.4 — 40.2 ~ 0.6 0.10 
Boiler and superheater: 553.1 38.9 = 514.2 84.19 
Resuperheater: 454.1 — 360.7 se 93.4 1§.29 

Total.... 610.8 100.00 
Effec- 
Decreases in Availability: tiveness 
per cent 
H.p. turbine: 360.7 553.1 = —]92.4 31.50 85.7 
L.p. turbine to extraction point: 

390.8 — 454.1 = — 63.3 10.36 90.2 
L.p. turbine, extraction point to exhaust: 

0.8524 ($5.2 — 390.8 = —286.0 46.83 77.9 
Condenser: 0.8524 (0.2 — 55.2) = 46.9 7.68 
Extraction heater: (0.8524 XK 37.9+ 

0.1476 X 40.2) — (0.1476 X 390.8 + 

0.8524 X 3.2) = 38.26 — 60.45 = — 22.2 3.63 ‘ 
Mixing point........ negligible 

: are Caos ...e. 610.8 100.00 


445.0 
192.4 + 63.3 + 286.0 
Power-plant (turbine, heater, condenser combination) effectiveness = 
445.0/610.8 = 72.8 per cent 


Turbine effectiveness = = 82.2 per cent 


more costly and more valuable than an equal amount of heat. 
Thus the 4,5 chart shows the compressed-liquid region to 
better advantage than does the Mollier chart. 

Decreases in availability occur throughout the turbine, in 
the condenser, and in the extraction heater. In the turbine 
these decreases can be accounted for by work done and by 
irreversibility consisting of friction losses. In the condenser 
and feedwater heater the loss is due entirely to irreversibility 
of a different sort, namely, heat transfer across a finite tempera- 
ture difference.* In this case, with a 50 F river temperature 
and a 79 F condensing temperature, the loss in availability in 
the condenser is 7.7 per cent of the total for the plant. Simi- 
larly the feedwater heater shows a difference between total 
availability entering and total availability leaving of 32.2 Bru 


* The change in availability in a feedwater heater is (as always) 
[= (wb) leaving] — [2 (wb)entering]. This difference is negative, in- 
dicating a decrease in availability which is due to the irreversible heat 
flow from steam to water. The function of the feedwater heater is to 
increase the gain in availability realized in the boiler plane per unit 
of heat added” there. 
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FIG 4 RESUPERHEATING AND EXTRACTION CYCLEI 
Figures in boxes on the diagram of the power plant are the values of 


b at those points. The calculated results are all per pound of steam 


entering the turbine. See availability and energy tables below 


EnerGy Input (or Heat Added + Work Done on 
Yul Swh 
Energy Input Bru 
Main teed pump 8524 (46.( 43 2.6 
Drip pump: 0.1476 (253.2 249 6 
Boiler and superheater: 1324.9 — 234.8 = 1090.1] 
Resuperheater: 1378.7 1160.0 = 218.7 
Total energy input 1312.( 
Heat input 1308 8 
Work, Efficiency, 
Energy Output Bru per cent 
H.p. turbine: 1160.0 1324.9 = 164.9 79.4 
L.p. turbine to extraction point 
1321.6 1378.7 = $7.1 82.2 
L.p. turbine, extraction point to exhaust 
0.8524 (1060.0 — 1321.6) = —223.0 77.0 
Total...... , ob Be ; 445.0 
Net work of cycle = turbine work — pump work = 441.8 


Power-plant thermal efficiency (assuming 100 per cent efficient boiler 
and resuperheating plant) = 441.8/1308.8 = 33.8 per cent 


per lb, or 3.6 per cent of the total. There should bea similar 
loss in availability due to dissipation of temperature differences 
at the point where the heater drip joins the main feed line, but 
this loss is too small to appear in the first decimal place. Avail 
ability losses must be similarly calculated for, and charged to, 
pipe lines, valves, and any other devices which introduce 
irreversible processes. Such losses have been omitted from 
the problem for the sake of simplicity, but they may be ob 
tained, as usual, from the change in 4 on the 4, s chart. 


EFFECTIVENESS AND EFFICIENCY 


Now, consider a partial expansion from M to P, Fig. 5 
The reduction in availability is wAbe < Ah,; the efficiency is 
Ah/Ah.; the effectiveness is Ah/Ab; therefore 


effectiveness > efficiency 


The effectiveness is greater than the efficiency because the re 
duction in availability in going from M to P is less than the 
work of a reversible engine expanding the fluid from M to Q 
At first hearing it seems paradoxical to say that an irreversible 
engine operating between M and pressure QP causes less loss in 
availability than a reversible engine operating between the 
same limits. Yet that is the basic concept of the reheat factor, 
namely, that by virtue of the irreversibility between M and P 
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the available energies in stages subsequent to P are increased 
and the change in availability that occurs between M and P 
is correspondingly decreased. We may say, then, that the 
effectiveness exceeds the efficiency because the effectiveness 
includes the reheat effect. 

Consider two turbine stages of equal available energy (Ah 
at constant s) of 100 Btu per Ib and equal efficiency (Ah/Ah,) 
of 70 per cent. The steam enters the first stage at 500 lb per 
sq in., 700 F (state M, Fig. 5), and expands to 200 lb per sq in. 

The steam enters the second stage at 10 lb per sq in., 4 per 
cent wet (state R), and expands to 2.02 |b per sq in. 

From the data and the 4,5 diagram we find the following: 


Sh at Effective- 
const. s Ah Ab Efficiency _ ness 
High-pressure stage 100 70 85.7 70% 81.7% 
Low-pressure stage 100 70 96.1 70% 72.8% 


Though the efficiencies of the two stages are equal, the effec- 
tiveness of the high-pressure stage is considerably greater 
than that of the low-pressure stage. There is, of course, 
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FIG. 5 HIGH-PRESSURE TURBINE STAGE COMPARED WITH A LOW 
PRESSURE STAGI 


[hough the efficiencies are the same, the effectivenesses are quite 

lifferent. The stage represented by the broken line between 500 Ib 

r sq in. and 200 lb per sq in. has the same effectiveness as the low- 
pressure stage 


thing new in this revelation. Every power-plant engineer 
and every turbine engineer knows that he can afford inefficien- 
cies in the high-pressure end of his turbine better than in the 
low-pressure end. By working this problem backward we 
can show that the high-pressure turbine efficiency can be 
lowered to $8.2 per cent before the effectiveness of the high- 
pressure stage will equal that of the low-pressure stage. Thus 
the effectiveness tells how well each stage does its job as a 
part of the whole—the efficiency refers to the stage alone. 

Darrieus explains that effectiveness is the ratio of work 
actually delivered by the fluid expanding between M and P 
to work which would be delivered by an ideal heat engine 
Operating along the same path and between the same states. 
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Efficiency, on the other hand, is the ratio of work actually 
delivered by the fluid expanding between M and P, to the 
work which would be delivered by an ideal engine or turbine 
restricted to a reversible adiabatic path between M and pressure 
OP. 

Now a simple reversible engine cannot work between states 
M and P without introducing irreversible processes (assuming 
no heat source at any temperature level other than Ty). But 
by slightly complicating the engine, we may cause the fluid 
to leave at P without introducing irreversibility. For instance, 
we could expand the fluid in a reversible turbine to Q and take 


| 
| 
NA. PT, : 
_—_—— 





FIG. 6 EXPANSION ENDING IN THE SUPERHEAT REGION 


Maximum net work is obtained from the actual engine by expanding 
to To. Isentropic expansion to py gives less net work than isentropic 
expansion to Ty followed by isothermal expansion to py. Hence 

AA, is not the work of an ideal engine 


out work Ah,. Some of this work may now be used to run 
a heat pump to pump heat from the sink, at temperature To, 
to the exhaust fluid from our engine to raise its temperature at 
constant pressure from Q to P. At any intermediate tempera- 
ture T the amount of work which must be done on the re- 
versible heat pump is equal to 


T — To)/T] dh = dh — Tods 
Integrating, we get 
Net work delivered = [turbine work] — [pump work] 
= [hy he] — [hp he — Tose — sQ)] 
= fh M -hp + To( sp - 5M) 
= (hu — Tosm) — Che — Tos) 


= bu _ bp 


The path MP followed by the steam in the actual engine 
may also be followed by the fluid in our reversible engine by 
making each infinitesimal decrement of pressure in the fluid 
stream include a constant-entropy expansion followed by 
heating at constant pressure back to the line MP, the heat 
being obtained from our reversible heat pump. By the usual 
Carnot reasoning it may be shown that the net work done 
by the reversible engine following path MP is equal to the net 
work done by the reversible engine following path MQP. 
Thus the net work done by the reversible engine following 
the same state path as the fluid in the actual engine is 


bu — bp 
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which is the denominator in the definition of effectiveness. 

The effectiveness is thus more truly a ratio between actual 
and ideal engines than is the efficiency, because the ideal engine 
of the effectiveness denominator works along exactly the same 
path as does the actual engine; the ideal engine of the efficiency 
denominator works along an entirely different path from that 
of the actual engine. In fact, the efficiency owes its long life 
and usefulness to the simple Rankine cycle and to the fact that 
most power-plant cycles end within the steam dome, where, 
if the exhaust temperature is chosen as To, the overall efficiency 
and overall effectiveness are the same thing. 


400 . 
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FIG. 7 COMPARISON OF A CONSTANT-STAGE-EFFICIENCY CONDITION 
CURVB WITH A CONSTANT-STAGE-EFFECTIVENESS CONDITION CURVE 
FOR A FOUR-STAGE TURBINE 


The two turbines have equal overall efficiencies and equal overall 
effectivenesses. The constant-stage-effectiveness condition curve is a 
straight line on both diagrams.) 


Let us suppose, for a moment, that we have a power plant 
running under such conditions that our engine exhausts a super- 
heated vapor (Fig. 6). We have a choice of exhaust condi- 
tions. We may stop the expansion in the engine at the con- 
densation pressure p- but above the condensation temperature 
To, Or we may continue the expansion to To at a pressure 
below pe. Assuming the difference between these two choices 
to be sufficiently large, we would choose the latter despite 
the fact that it involved constant-temperature compression 
to pe, because the compression work involved would be less 

because of smaller volumes) than the additional expansion 
work obtained. 

The ideal engine of the efficiency ratio would now work 
along a reversible adiabatic (constant-entropy) path between 
condition P and pressure p,, the final pressure of the expansion. 
But there is nothing ideal about this engine in the thermody- 
namic sense, because it would obviously do better if it ceased 
to be adiabatic on crossing To and took from the surroundings 
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sufficient heat to carry through the remainder of the expan 
sion at constant temperature. The efficiency would conse 
quently have little justification as a measure of perfection. 

The overall efficiency of a steam turbine having constant 
stage efficiency throughout is markedly greater than the efh 
ciency of the individual stages; but the overall effective 
ness of a turbine having constant stage effectiveness is equal to 
the effectiveness of the individual stages. Also the overall 
effectiveness of a turbine having stages with various effective 
nesses is the weighted mean (weighted on the basis of avail 
ability drop) of the effectivenesses of the individual stages, 
thus: 

Tah — Ah, + Ah2 + Ahs + 


Overall effectiveness = ¢ = —* a+ a + ah £ 


hy Ab; Ah; Ab Ah; _, Abs... 


~ Ab, ~~ Dab 7 Ab“. Zab | Ab; ©. Dab 
-” Ab, + Ab: 4 Abs + 
™ Soa5 * Mag * aap” 


where ¢1, ¢2, ¢3, etc. are the effectivenesses of the individua! 
stages. 

A corollary of the preceding paragraph is that the condition 
curve of a constant-stage-effectiveness turbine is a straight line 
when plotted on either the h,s diagram or the b,s diagram 
(Fig. 7), a fact which will be useful in certain analytical studies 

Despite its shortcomings, the efficiency ratio has played a 
useful and reasonably adequate part in the study of simple 
powerplant cycles. The overall efficiency of one turbine 
plant could be compared with that of another and, if proper 
allowances were made for the effect of superheat, final pressure, 
etc., the relative excellence of the two turbines would be 
shown. But when complications such as regenerative feed 
water heating and resuperheating were added to the power 
plant cycle, efficiency became useless as a measure of turbine 

erfection. The use of efficiency for comparisons became 
awkward and unreliable. For instance, a turbine designer 
might well complain if the efficiency of his extraction turbine 
was compared with the efficiency of a competitor's non-extrac 
tion turbine to determine relative excellence. The non-extrac 
tion turbine would have the advantage of reheat from all losses 
in the high-pressure stages, while the extraction turbine would 
lose the advantage of reheat from losses incurred by extracted 
steam.’ There can be no such objection if the effectiveness of 
the two machines is compared. The high-pressure stages arc 
automatically credited with reheat effect in both machines 
and the overall results are comparable. 

Perhaps it is time to pause and find some justification for 
the efficiency ratio before we rashly abandon it. The effective 
ness of a turbine stage computed from a test and using, say 
the river temperature as To is radically different from th« 
effectiveness of the same stage working with equal velocities 
at a much lower initial enthalpy. On the other hand, ex 
perience shows that the efficiency of a turbine stage is muc! 
more independent of the initial conditions (barring expansio! 
into the moisture region) than is its effectiveness on this basis 
When using effectiveness in the study of a single stage it would 
be well to set To at the actual exhaust temperature, in which 
case it will be found that Ad and Ah, are in very close agre« 
ment except for extremely low stage efficiencies. On thi 





7 Other devices have been tried, such as Btu consumprcion. But it 
obvious that Bru consumption is determined by many factors oth« 
than relative turbine perfection. Thus extraction turbines cannot b< 
compared with non-extraction turbines through their Bru consumptios 
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basis it is probable that the constancy would be about equally 
good for the two ratios. It appears that the strongest defense 
which can be made of stage efficiency is that it is easy to com- 
pute. The denominator of the ratio is known before the test 
is run or the stage designed, and it remains only to put the work 
in the numerator as soon as it has been measured or computed. 
Furthermore, it is a good approximation to the thermodynami- 
cally more logical stage effectiveness based on a Ty equal to 
the final-stage temperature. These two ratios become less 
distinguishable the smaller the enthalpy drop across the stage, 
and both approach the hydraulic efficiency (work/Apv) as 
the pressure drop approaches zero. The efficiency, then, can 
justify itself for use in studies of turbine-stage performance, 
but it must be abandoned as a measure of overall performance 
in anything but the simplest steam-power-plant cycles. 


ANALYSIS OF TURBINE ELEMENTS 


The turbine designer will frequently wish to determine the 
relative importance of irreversibility in various elements of 
his turbines. He can ask himself whether his high-pressure 
packing or his throttle valve causes the greater loss in avail 
ability. The answer to such questions can be obtained readily 
by the methods outlined above 

There are, however, many turbine elements, nozzles and 
buckets for example, in which the assumption of negligible 
kinetic energies, hitherto made in our specific examples, would 
beg the question. In such cases we must return to the more 


complete Equation [2], which may be written 


Nm 
o) 


Decrease in availability = w |(4 + Ve’ b, + V,7/2g)| 
where subscripts ¢ and x refer respectively to entrance and exit 
It is obvious that for a constant-entropy (reversible) expansion 
the decrease will be zero 
Another interesting example is the diffusing exhaust hood 

a diverged exhaust passage in which the pressure increases 
between the last-stage wheel and the condenser, thus causing 
a pressure less than condenser pressure at the last-stage wheel. 
Of such exhaust hoods it is often said that the loss is negative 
Of course there can never be a ‘‘negative loss’’ in availability 
in any adiabatic process. The equation given above for the 
decrease in availability in a nozzle applies to this case as to 
ill other cases where a change in kinetic energy is an essential 


part of the process 


THE BASE TEMPERATURE I, 


The computation of the function 6 = h — Tos involves fixing 
na sink temperature To. If the sink temperature is altered, 
ill values of 5, except those at s = 0, are altered. With them 


hange the slopes of the constant-pressure lines and the dis- 
tribution of availability losses for any one set of steam condi 
ions. Thus any one 4,5 chart is suitable for only one sink 
mperature 
Ir is comforting to note, however, that a 10-deg change in 
nk temperature does not radically alter the diagram, and the 
rrection for the change can readily be made. Below the 
chart, Fig. 2, are given base lines for five different sink 
Mmperatures separated by 10-deg intervals. The middle and 
rizontal one, 50 F, is that for which the diagram was calcu 
1. Changes in availability for a 50 F sink are obtained 
m the change in the ordinate of the chart or, what amounts 
to the same thing, from the change in distance from the 50-deg 
s¢ line. Similarly, for any other sink temperature the 
change in availability is the change in vertical distance (parallel 
to the ordinate axis) from the corresponding base line. It can 
be seen that a satisfactory first approximation to losses from 
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any process, with the exception of condensation, can be found 
directly from changes in ordinate on the chart given, and that 
more exact values for the proper sink temperature can be ob- 
tained without difficulty. 

In computing 4 values for Fig. 2, 50 F was chosen as a base 
temperature because it closely approximates the year-round 
average of river temperatures and of wet-bulb temperatures 
for a large part of the industrial world. It is probably quite 
suitable for calculations for power plants in latitudes exceeding 
35 deg 

The turbine designer might argue that the difference between 
the river temperature and the condensing temperature is de- 
termined by considerations foreign to the turbine, hence, as 
far as his turbine is concerned, the basis should be the con- 
densation temperature. Perhaps he will not push this argu- 
ment too far when he finds that the higher the Tp used the lower 
will be the turbine effectiveness. There is, nevertheless, justice 
in the suggestion. Of two power plants taking circulating 
water from the same river, one may be condensing at 1 in. Hg 
abs (79 F) and the other at 1'/2 in. Hg abs (91.8 F). The 
difference would be beyond the turbine designer's control, 
yet from the standpoint of the power-plant engineer each 
entire power plant should be studied from the river temperature 
as the sink temperature. But comparisons between the two 
turbines should be made using the condensation temperature 
of each as To for the calculation of its respective effective- 
ness 

This becomes more obvious if the comparison is between 
a 400-lb-per-sq-in. turbine, exhausting to process at 50 lb per 
sq in. and a 400-lb-per-sq-in. turbine exhausting to a condenser 
at 1 in. abs. If the same sink temperature is used for both, 
the high-back-pressure turbine gets credit for a large reheat 
effect throughout, while the condensing turbine gets only 
the normal credit for reheat. Overall efficiencies have all the 
usual disadvantages in this case. In so far as a comparison 
can be made between two such turbines, it can best be made 
on the effectivenesses based on the respective condensation 
temperatures as T; 


AVAILABILITY AND MARKETABILITY ‘COST ACCOUNTING ) 


The use of exhaust steam from engines for heating and process 
work has raised the question of the apportionment of steam- 
generating costs between power production and process or 
heating. The most common method is to debit the various 
devices with the enthalpy or total heat of the steam entering 
them, and credit them with the enthalpy of the steam or con- 
densate leaving. A condensing turbine and its condenser are 
treated as a unit, and are consequently charged with practically 
all the enthalpy which enters the turbine. On the other 
hand, a turbine exhausting to process is ultimately charged 
with the change in enthalpy of the steam, which is equal 
to the work delivered by the turbine, and is only about 5 per 
cent of the enthalpy of the steam entering the turbine. The 
remaining 95 per cent is charged against the departments using 
the exhaust for heating or process. 

That there are certain absurdities in this method is evident. 
For instance, if a low-pressure condensing turbine were at 
some time substituted for the process following this high- 
pressure turbine, it would be able to deliver an approximately 
equal amount of work with the high-pressure turbine. But 
unless we were to alter radically our accounting methods, 
the low-pressure-turbine power would be 95/5 or 19 times as 
expensive as the high-pressure-turbine power. 

The accountant has a legitimate defense in that he has been 
using the usual method of computing the cost of a by-product, 
in this case power, when he charges to the by-product only 
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those additional costs which are directly chargeable to its 
production. 

There are doubtless many instances in industrial-power-plant 
engineering where it is wrong to consider power as a by- 
product of a process to which the engines are supplying exhaust. 
I shall not attempt to enumerate them or to analyze them. 
Suffice it to say that there are many indications in the current 
literature on economics of engineering of dissatisfaction with 
energy as a basis of cost-accounting methods. 

A large business has been developed in New York City which 
consists entirely of selling Btu by the billion as heat for office 
buildings and apartment houses. Alongside the boiler plants 
operated for this purpose are power plants which every day 
send into the river as waste more Btu than the heating com- 
pany could sell in weeks. The difference between these two 
energy supplies lies, first, in marketability, and, second, in 
thermodynamic availability, and it is not difficult to see that 
the economic property depends very largely on the thermo- 
dynamic property. A large availability means the ability to 
do useful work or to provide heat to substances at elevated 
temperatures, and it is such ability that is marketable. 

The simplest accounting method based on availability would 
consist of debiting each manufacturing department or piece 
of apparatus with the availability (2wb) of the streams of 
fluid delivered to it, and crediting each with the availability 
of the fluid streams returned to the boiler plant. If less fluid 
is returned than was delivered the credit will consist of the 
availability of the corresponding amount of make-up water 
in addition to the availability of condensate. The cost of a 
unit of availability will be determined from boiler-plant 
operating costs and fixed charges. 

Selling price will depend on many factors besides the avail- 
ability. It will particularly depend upon how soon power 
from an industrial power plant will rise from its status as a 
by-product to a new dignity as a joint product with process 
and heating. When and where it does this it will be charged, 
as process will be charged, for its share of the thermodynamic 
availability. 


Appendix 
DERIVATION OF FUNCTION 4 


THE FIXED-MASS (NON-CONTINUOUS FLOW, CASE 


SSUME a fixed mass of fluid at rest in state m, having 

pressure pm, specific volume vm, absolute temperature T,,, 
internal energy Um, etc., in a container surrounded by an in- 
definitely large atmosphere at pressure po and absolute tem- 
perature To, To being generally less than T».® 

Since the fluid is at a temperature different from that of the 
atmosphere, and at a pressure different from that of the at- 
mosphere, heat can be made to flow from it and work can be 
done by or on it without using any sources of energy other 
than the fixed mass of fluid and the surrounding atmosphere. 
Also, heat flow may occur and work may be done until Tn 
is reduced to To, the temperature of the atmosphere, and pm 
is reduced to po, the pressure of the atmosphere, when no fur- 
ther heat flow may occur and no further work may be done 
without using a new source of energy. 

Let us define availability as the maximum amount of work 
which can be delivered to, say, an elastic spring (a work 
reservoir) operating in the atmosphere by virtue of a change 
in the condition of the gas in the container from condition 





8 In refrigeration T,, will often be less than Ty. The analysis applies 
nevertheless. 
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m to condition 0, where its temperature and pressure are those 
of the atmosphere. Then the availability is the work which 
can be stored in the spring by a reversible heat engine which 
carries the fluid by reversible processes from m to 0. 

That the work done by the reversible heat engine is the 
maximum can be proved by the usual reduction-to-absurdity 
method. Assume that there is an irreversible engine which 
will take our fixed mass of fluid at condition m and reduce it 
to condition 0 and deliver an amount of work greater than 
that turned out by the reversible engine. An appropriate 
amount of this work may now be used to take an equal amount 
of fluid at condition 0 and raise it to condition m in the re 
versible engine. The final condition of our fluid system is 
equivalent to the initial condition. By hypothesis there is 
an excess of work from our irreversible engine the energy 
corresponding to which ultimately could have been obtained 
only from the surrounding atmosphere. This, according to 
the second law, is impossible. 

It remains, then, to find the work which could be delivered 
to our spring reservoir by a reversible engine taking the fluid 
mass from condition m to condition 0. We can accomplish 
the change by taking infinitesimal increments of heat out of 
the fluid mass and delivering them to Carnot engines the 
T — To 


work from each of which, | -_ dQ per unit mass | 


will be stored in our spring. The withdrawal of heat will 
cause a reversible change in the volume and pressure of the 
mass, which in turn can be made to do work on our spring. 
The amount of this work delivered to the spring per unit 
mass of fluid for each step in the heat withdrawal will be 


CP — Po)dv 


where dv is the increase in volume of unit mass of the fluid. 
It is evident that any number of reversible paths from m to 
O may be followed by this method. As a single instance take 
constant-volume cooling to the entropy at 0 [during which 
JS’ (p — po) dv is zero] followed by constant-entropy expansion 
(during which — f° dQ (T — T))/T is zero] to po. For each 
complete path the work delivered to the spring per unit mass 
of fluid is the availability above po, To, and is therefore 


0 0 
amnili f _ To dQ aa f P po dv 


10 10 0 U0 
= AQ | a ToAS | + f pdv PoAv 


m 


But AU = AQ — AW from the first law, 
= AQ— J pdv for reversible changes. 
Hence 
|0 |0 0 
Availability = —AaU|} + ToAs| — pods | 
|m m |™m 


= CUn —- Féin + Povm) — (Uo = Toso + Pot 0) 


The change in availability per unit mass with reference to 
surroundings at po, To when the condition of the fluid is changed 
from m to n is thus: 


CU, = ToSn + Pown) = CUm — To5m + Povm) 


The function (U — Tos + pov) is a point function or property 
of the fluid which may be used, as shown above, to determine 
the change in availability of a fixed mass of fluid at rest for 
any change in state of the fluid. It is not new, but may be 
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found in thermodynamic discussions of equilibria dating sixty 
years back.?® 

Darrieus arrives at the function (U — Tos) for the fixed-mass 
case. The availability corresponding to Darrieus's function 
can only be delivered to a spring reservoir if the pressure of the 
surroundings is absolute zero. Perhaps the difficulty arises 
from considering all work done by the fluid as available energy. 
This is clearly not true in an atmosphere of finite pressure 
if available energy is to be considered as energy which is com- 
pletely convertible into any other form of energy. Fortunately 
the two analyses give the same result for the continuous-flow 
case. 

THE CONTINUOUS-FLOW CASE 


Consider now, the case of a continuous, steady stream of 
fluid'® passing section 1 at the entrance to a piece of apparatus 
and passing section 2 at the exit (Fig. 1). While passing 
through the apparatus each unit mass of the fluid changes 
from condition pi, Ti, 11, Ui, etc. to condition pe, T2, v2, Us, 
etc. Let us assume for the moment that kinetic energies and 
potential energies above the datum at sections 1 and 2 are 
negligible. 

The availability of each unit of mass at section 1 with respect 
to an indefinite medium at po and To is now augmented by the 
amount of work which could be stored in our spring by virtue 
of the continuous flow, that is, the displacement work, pit, 
less the work which must be expended on the atmosphere, 
Porr. This might be made more evident by removing the 
apparatus following section 1 and placing a piston at 1 with 
pressure po exerted from outside and pressure p; from inside. 
Now, for each unit of mass which passes section 1 the amount 
of work pir; is done on the piston, of which (p: — po)r: is 
available for storage in our spring. The unit mass is still at 
pressure p; and temperature T;, and may be removed in an appro 
priate container and caused to do the usual amount of work, 

{1 
ACU — Tos + pov. 
0 
before being reduced to equilibrium with its surroundings at 
po, To. Thus the availability of each unit mass of fluid passing 
section 1 is 


4| U — Tos + pow + (p — port 
0 
1 1 


= A|U + pr —Tos =A] h— Tos 
0 0 


where h is enthalpy or total heat and is, by definition, equal to 
U + pv. 
The increase in availability between section 1 and section 2 
then 


(he * Tose) - Chy —_* Tosi) 


it should be noted that this result is valid regardless of the 
method by which the change in state occurs between 1 and 2. 
Work may be done on or by the fluid, heat may be added or 
removed, and the processes iavolved may be reversible or 

eversible. 

Che function (h — Tos), like the corresponding function for 

* For instance, J. W. Gibbs, Trans. Conn. Academy II, P . 382-404, 
December, 1873. Also in “‘Collected Works of Willard Gi s, ven..1, 
p. 40 

In this analysis continuous flow means that at the two sections 

considered the properties of the fluid, its velocity, and its potential 
energy above the datum are uniform and do not change with time, and 
that the mass rates of flow past these sections are equal. 
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the fixed-mass case, is a point function or property of the fluid 
which may be used, as shown above, to determine the change 
in availability of a fluid in continuous flow for any change in 
state along the fluid stream. I have given it the symbol 4." 

The essential difference between the fixed-mass case and the 
continuous-flow case is that the fixed-mass case involves in its 
function the pressure of the atmosphere, po, while the function 
for the continuous-flow case does not include po. The change 
in availability between sections 1 and 2 in the continuous-flow 
case would be the same regardless of the pressure of the at- 
mosphere. 


KINETIC ENERGY 


In the preceding derivation for the continuous-flow case it 
was assumed for simplicity that kinetic energies and potential 
energies above the datum were negligible. There are, however, 
many cases where a change in kinetic energy is an essential 
part of a process (there are fewer cases where change in poten- 
tial energy above the datum is important). It remains, then, 
to expand our expression for change in availability. 

If the fluid at section 1 has a kinetic energy of Vi?/2g per 
pound, we may get additional work out of it while reducing 
it to rest at the final equilibrium state. Thus, before doing 
work pi» on the piston mentioned above, the fluid can be 
passed through a reversible impulse turbine wheel, from which 
it can be made to emerge at an indefinitely small velocity. 
The work done on the turbine wheel will be V?/2g foot- 
pounds per pound of fluid, all of which may be delivered to 
our spring reservoir. 

The availability at condition 1 is then 


Chi — Tosi: + Vi?/2g) — Cho — Toso) = Chi + Vi?/2g) — bo 
and at condition 2, 
Che — Tose + V2?/2g) — Cho — Toso) = (b2 + V2?/2g) — do 
The change in availability between 1 and 2 is 
(be + V27/2g) — Ch; + V;?/2g) 
POTENTIAL ENERGY ABOVE DATUM 


The problem involving potential energy above the datum 
cannot be stated so simply. Suppose the fluid at section 1 has 
a potential energy above the lowest available datum of z 
foot-pounds per pound. To determine the effect of this po- 
tential energy on availability we must expand our definition 
of availability. Let us arbitrarily adopt the following defini- 
tion: Availability is the maximum amount of work which 
can be delivered to an elastic-spring reservoir operating in the 
atmosphere by virtue of reducing the fluid in question to rest 
at pressure po and temperature To at the lowest available level 
(the level nearest the center of the earth). This level we shall 
choose as our datum plane for measuring potential energies z. 

To determine the availability of the fluid at section 1 of our 
fluid stream we must add a new mechanism to those already 
mentioned. The fluid involved may now be put through any 
one of a variety of reversible devices, preferably after having 
done work on the impulse turbine and the piston mentioned 
above, designed to deliver work to the spring reservoir while 
lowering the fluid to the lowest available level, z = 0. That 
part of the gravitational force on a pound of the fluid which 
can be made to do work in our device is (1 — 2:/va) pounds, 
where v2 is the specific volume of the gas constituting the 
atmosphere. The work which can be delivered to the spring 
is thus 2:01 — 11/va). 


11 5(= h — Tos) should not be confused with the much older char- 
acteristic function, h — Ts. 
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Our new expression for change in availability between 1 and 2 


is 
[bo + V2?/2g + x2 — 02/v0)] — [br + Vi?/2g + 2rd — 01/02) 


It is obvious that this new addition to the availability of 
the fluid, 701 — v/va), is negative whenever v > va. In other 
words, work must be done by our spring reservoir in lowering 
the fluid from z = z to z = O if the fluid is less dense than the 
atmosphere. If we were endeavoring to deliver the maximum 
possible amount of work to the spring we should, in the case 
of fluids less dense than air, permit the fluid to go to the highest 
available level instead of to the lowest. Thus we find an 
absurdity in the last definition of availability, which stipulated 
lowering to the lowest available level. 

Fortunately, in engineering problems we find it unnecessary 
to resolve this dilemma. Our last definition of availability 
is satisfactory for use in the analysis of operations on dense 
fluids, like compressed liquid water, where changes in poten- 
tial energy above the datum are large enough to assume im- 
portance. In the case of more compressible fluids, changes in 
potential energy are usually so small as compared with changes 
in the other quantities in the equation (4 and V?/2g) as to be 
negligible. 


SUMMARY 


Fixed Mass of Fluid at Rest: 
Change in availability while changing from state m to 
state m = (Un — Tosn + povn) — (Um — Tosm + povm) 


Continuous Flow of a Fluid: 

Negligible change in kinetic energy and potential energy 
above datum: 

Change in availability while passing from state 1 to state 
2 = db, — db, for one pound of fluid. 

Finite change in kinetic energies but negligible change in 
potential energy above datum: 

Change in availability while passing from condition 1 to 
condition 2 = (d2 + V2?/2g) — (h; + Vi?/2g) 

Finite change in kinetic energy and potential energy above 
datum for a fluid always denser than the surrounding 
atmosphere: 

Change in availability while passing from condition 1 to 
condition 2 


= [be + V2?/2g + x21 — 02/va)) — [b1 + Vi2/2g + 
ziC1 — 01/v0)] 


Discussion 


Ernest L. Rosinson.!? Fig. 8 shows the ratio between the 
Darrieus efficiency, which Professor Keenan so admirably 
names ‘‘effectiveness,’” and the ordinary efficiency ratio for a 
stage of a steam turbine. Fig. 9 shows the actual value of the 
Darrieus efficiency or “‘effectiveness’’ in comparison with the 
corresponding stage efficiency. These two diagrams are based 
on a ‘‘sink temperature’’ of 80 F, corresponding to the 1 in. 
Hg back pressure ordinarily specified for steam turbines in 
these latitudes. They permit ready interpretation between 
the accepted language of efficiency and the proposed language 
of effectiveness. 

The analysis proposed is essentially an attempt to evaluate 
the convertibility of heat into power with due credit for its 
grade. It is useful to distinguish between high-grade and 





12 Turbine Engineering Department, General Electric Co., Schenec- 
tady, N. Y. Mem. A.S.M.E. 
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low-grade heat. However, in making any new evaluations 
of flowing heat, it will be necessary to keep in mind that the 
property to be evaluated may not always be its converti 
bility into power, and in each case the property which has 
marketable value is the one which should be evaluated. It is 
important to remember that, as Professor Keenan points out, 
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(See Engineering (London), Sept. 5, 1930; ea/e and T» have the san 
values as in Fig. 8.) 


there is nothing the matter with the idea of efficiency as nov 
in use. As a matter of fact, the turbine designer fully appre 
ciates the value of reheat which is so well exemplified by the 
“‘effectiveness’’ of a stage, while the purchaser of a turbin 
for the generation of power in a central station is interested 
only in the overall heat rate. 
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ECONOMIC LOT SIZES 


Derivation and Application of a Formula for the Determination of 
Economic Production Quantities 


By G. L. 


T IS THE purpose of this paper to encourage the use of 
mathematical formulas in the determination of economic 
production quantities. An attempt is made to explain 

the underlying theory in fairly simple terms and apply practical 
limits to some of the unnecessary refinements used in purely 

theoretical formulas. Professor Raymond's excellent paper 
on economic production quantities* has been of valuable assis- 
tance in this work, and it is felt that every effort should be 
made to arrive at a formula that can be used by the average 
production manager, who has neither time nor training to 
study through extensive mathematical theory. A_ general 
formula of this nature is necessarily complex, but when applied 
to a particular plant, many of the complications can be elimi 
nated 

THEORY UNDERLYING THE GENERAL FORMULA 


An economic production quantity is that quantity of goods 
whose total preparation cost (set-up, spoilage, etc.) is in 
mathematical balance with the total carrying charge. This 
can be best illustrated by a chart (Fig. 1) showing the ultimate 
cost of a unit of product. 

As the lot size decreases to less than the economic quantity, 
the annual preparation cost increases, and of course the ulti- 
mate cost increases. If the lot size is increased and becomes 
greater than the economic quantity, the annual carrying charges 
are increased and the ultimate cost of the item is also increased 

It is obvious, then, that the ideal quantity of goods to be 
manufactured in one lot will have a total preparation cost 
equal to its total carrying charge, that is: 


P=I 
where P = annual preparation cost for any item, and 
I = total annual investment and space charges for any 


item. 


CONSTRUCTION OF THE GENERAL FORMULA 


A general formula will be developed and explained in detail, 
vith practical limits applicable to each element. It will be 
shown that this general formula, when applied to a particular 
plant, can be simplified to the form: 


ey 
N=KVA 
which 
N = economic number of lots to be processed per year 
A = sales forecast or anticipated annual production of any 
item 
K = a constant for any item or group of items having 


similar set-up and unit costs. 
All of these terms are subsequently explained in detail. 


Field Engineer, MacDonald Bros., Inc., Boston, Mass. Jun. 
A.S.M.E. 

Economic Production Quantities,’’ by Fairfield E. Raymond, 
lrans. A.S.M.E., vol. 49-50 (1927-1928), paper MAN-50-10. 


STUDLEY' 


TOTAL PREPARATION cost (P) 


The total preparation cost for one lot is equal to p + ¢ + w, 
that is, set-up cost (p), plus spoilage caused by setting up 
machines (c), plus the cost of placing a manufacturing order 
(w). Therefore the annual preparation cost (P) is equal to 
this quantity multiplied by the number of lots produced in a 


year, or: 
P=(pt+tc+w)N 
It is not considered proper to include an overhead rate on 


the indirect labor of set-up, nor on idle-machine time due to 
set-up. Theoretically, such rates should be included, but in 


of Producing Any Item 
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FIG. 1 CHART SHOWING ULTIMATE COST OF A UNIT OF PRODUCT 


practice the machines usually stand idle many hours in addi- 
tion to the time required for set-up, and to charge idle time to 
the cost of set-up would be an unnecessary refinement. 


TOTAL CARRYING CHARGE (1) 


The total carrying charge (I) is composed of three elements, 
interest on work in process (Iw), interest on finished goods 
CI,) and a rental charge for space occupied by finished and in- 
process goods (J;). All three of these elements are factors in 
determining the total carrying charge, but in most cases two 
of the elements can be eliminated from the calculations without 
causing a serious error in the resultant lot size. The element 
of cardinal importance depends upon the nature of the product 
and the annual sale of the item in question. 

The Annual Investment Charge on work-in-process (Iw), 
assuming that lots are processed in continuous succession the 
entire year, may be expressed as follows: 
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N 
in which 
m = unit material cost for any item 
L = unit labor cost plus overhead for any item 
7 = interest rate on borrowed or invested funds, de- 


pending on the company’s financial policy. 


The factor (m + L/2) is the average unit cost, under the 
assumption that labor and overhead are added to the product 
at a uniform rate, which is sufficiently accurate for practical 
purposes in most manufacturing plants. Multiplying the 
average unit cost of an item while in process (m + L/2) by 
the annual production (A) of that item and dividing by the 
number of lots to be produced (N), gives the average value 
of one lot. The average value of one lot multiplied by the 
annual interest rate (4) gives the annual investment charge 
applicable to the goods while in process. 

The Annual Investment Charge on Finished Goods (C1,), 
assuming that each lot requires an entire year to be disbursed 
from finished stores, is expressed by the formula: 


gaf@ttiea? 

2 N 
Theoretically, the condition named applies only to items pro- 
duced at intervals of more than one year, but in practice this 
element is of major importance in computing lot sizes for 
items having a small annual sale. The factor [(m + L)/2] is 
the average unit cost under the assumption that goods are 
withdrawn from stores at a uniform rate, which is sufficiently 
accurate for all practical purposes. It is true that very few 
concerns are fortunate enough to have an absolutely flat sales 
curve, but it is felt that the use of a formula involving a variable 
consumption rate, and consequently a variable lot size, is an 
unnecessary refinement. 

The average value of one lot is the average unit cost 
[Cm + L)/2] multiplied by the annual production (A) to give 
annual cost of the item, and the product of these factors divided 
by the number of, lots (N) processed per year. This average 
value of one lot multiplied by the annual interest rate (4) 
gives the annual investment charge on one lot while held in 
finished stores. 

The Annual Space Charge on Finished and In-Process Goods 
(/;), assuming each lot to remain in the plant an entire year, 
may be expressed by the formula: 


F 1 
ada Taal 
The factor F/2 in which F = annual charges for storage space 
per unit of product, is the average annual space charge under 
the assumption that the production and consumption of goods 
are ata uniform rate. The product of this factor and A divided 
by N results in the annual space charge per lot. 


DETERMINATION OF N 


It has been stated that the annual preparation cost (P) 
should be equal to the annual carrying charge (I) for any item 
if the product is to be produced in economic quantities. There- 
fore P must equal the sum of some functions of the three carry- 
ing-charge elements Iw, I., and I, the relationship depending 
on the time in process and the time in finished stores. In 
nearly every plant two of these elements can be eliminated 
and the total carrying charge represented with reasonable 
accuracy by the remaining element. For instance, the space 
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charge would be of major importance in a furniture plant, 
but would be of no practical importance whatever in a watch 
factory. Also every plant has certain products that are in 
process of manufacture nearly all the time, while certain other 
products are produced only once or twice a year. 

A concrete example will be used to illustrate just how the 
carrying-charge elements of least importance can be eliminated. 
Before going into this phase of the problem it is considered 
advisable, for the sake of clearness, to obtain the solution for 
N, using only one of the carrying-charge elements in the solu- 
tion. 

Using the work-in-process element of the carrying charge 
as the controlling factor, the solution for N is as follows: 


Pp = I, 
Z ] 
m+ Al N 
| L L 
m + : Ai j\m+s>]e 
VED ee 


II 


Pp + c + w)N 


\ 
ee 6 ee | i od te 
Let 
lt 
7, 
m+ 3 i 
Ke. = — = aconstant for any item 
PP 6 oP a ¢ coe 
or group of items having 
similar set-up and unit 
costs 
then 


N = Ku VA 


The same theory underlies the solution when the finished 
stores element or space element is the controlling factor. The 
constants then arrived at would be called K, and Ky 

With the annual production (A) and economic number of 
lots CN) as known or estimated values, the economic produc- 
tion quantity (Q) is determined as follows: Q = A/N. 


SIMPLIFICATION OF FORMULA WHEN APPLIED TO A 
PARTICULAR PLANT 


A method of arriving at the carrying-charge element or 
elements that should be used for a given plant can best be 
explained by an illustration. Assume that the problem is 
to compute economic lot sizes for a plant manufacturing plated 
tableware and that the average time in process is ten weeks. 

Storage-Space Element. In a plant of this type, the charge 
accruing from storage of any item is insignificant. Approxi 
mately $1500 worth of tableware can be stored on a square 
foot of floor space at a rental charge of atout 35 cents a year 
When this charge is divided by the number of lots processed 
per year, the rent expense per item becomes a negligible factor 

Elements for Work-in-Process and Finished Goods. Elimination 
of the rental element reduces the carrying charge to two fac 
tors, i.¢., interest on work-in-process and interest on finished 
goods. The relative importance of these two factors varies 
with the number of lots produced per year, and since the pro 
duction quantity varies as the square root of the carrying charge, 
the formula can be further simplified by eliminating one or 
the other of the investment elements without seriously affectins 
the resultant lot size. 

The average time in process in the tableware plant in ques 
tion was considered to be ten weeks. Items having smal! 
annual sales presumably would be made in one lot per year or 
less; therefore the annual time in process for such items would 
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be ten weeks, while the time in finished stores would be fifty- 
two minus ten, or forty-two weeks. In this case the interest 
on finished goods is the element of major importance. 

Items having large annual sales would be manufactured in 
a comparatively large number of lots, say, twenty-four per 
year, which means that lots would be put into production at 
about two-week intervals. It is evident that one or more 
lots would be in process the entire year, as the consumption 
rate per lot (2 weeks) is five times as great as the production 
rate (10 weeks In this case the work-in-process element is 
by far the most important. 

The relative importance of the two investmenc elements 
can be determined by index ratios Rw and R., worked out in 
the following manner: 


. I, 
” ah “Ss 


Since the space element has been eliminated, I, + Is is con- 
sidered to be the total carrying charge. Then 


Ru 


L 
l=Teitm+ : Ai 


This equation indicates that the annual interest charge 
accruing from work in process is dependent upon Tw, the frac- 
tional part of a year that the item is in process 
ware plant, Ty 


In the table 
is equal to ten weeks divided by fifty-two 


weeks when goods are produced in one lot. Also 
 _ f{m+L 
8 = i # Ai 
> | 
where T, = (52 10)/§2. 


Selection of the Controlling Element for a given group of items. 
For example, assume the approximate factory cost of any 
group of similar items as: 


Unit material (m $35.00 
Unit labor plus overhead (L). . 65.00 
Substituting in the formulas 
Te = Tw [35 + (65/2)] Ai = Tw (67.5) Ai 


I, = T. (35 + 65/2)] Ai 


ll 


T. (50.0) Ai 


Since the object of the calculation is to determine a ratio 
for a given group, the factors A and é are constants and can be 
omitted. 


Examp_Le 1—When N = 1 


I = Fes + I, 
10 weeks _ 67.5 52 — 10 weeks x $0.0 
XA O/7. ‘a = J O.C 

2 weeks 52 weeks . 

= 12.96 + 40.40 = 53.36 
12.96 40.40 

- > = 0.243 R, = — = 0.757 
53.36 53.36 . 


[he above solution shows that by using the value for in- 
terest charges on finished goods only, the resultant carrying 
charge will be reduced by 24 per cent; but since the lot size 
varies as the square root of the carrying charge, the calculated 
lor size is within approximately 5 per cent of the true economic 
quantity. 


ExamMpLe 2—When N = 4 
I _ ke + i. 
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_ (4x 10 weeks x 67.5) +4 52 — 40 weeks x 50 
™ 52 weeks , 52 weeks 
= 51.91 + 11.55 = 63.46 
1.9] 55 
63.46 63.46 


This shows that by using the value for interest charges on 
work in process only, the resultant carrying charge will be re- 
duced by 18 per cent but the calculated lot size will be within 
approximately 4.2 per cent of the true quantity. 

The chart shown in Fig. 2 indicates that tableware items 
being processed in two lots or less per year will use the finished- 
stores element only, while items being processed in more than 
two lots per year will use the work-in-process element only. 
It is true that items processed in the neighborhood of two lots 
per year will have a maximum error in lot size of about 7 per 
cent. Anerror of this magnitude is not felt to be objectionable 
in any plant, for two reasons: First, raw material is usually 
purchased in quantities of a certain number of tons, bundles, 
carloads, or tank-carloads, and in practice the lot size will 
be made to conform to the nearest raw-material unit. Secondly, 
the error due to the simplification of the carrying charge tends 
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Per Cent of Annual Investment Charge 
Per Cent Error in Lot Size — 10 5 0 
FIG. 2 GRAPH SHOWING RELATIVE IMPORTANCE OF INVESTMENT 
ELEMENTS IN FORMULA FOR ECONOMIC PRODUCTION QUANTITIES 


(Flatware—Group 1. Average time in process, 10 weeks. Unit cost: 
Material, 35 per cent; Labor plus Overhead, 65 per cent.) 


to increase the lot size slightly, and, as can be seen from Fig. 1, 
a slight increase in lot size does not affect the ultimate unit 
cost appreciably. An error tending to decrease the lot size 
below the economic quantity would be a far more serious 
matter. 

GENERAL 


The amount of clerical effort required for calculation of the 
various constants K~, Ks and in some industries Ky, depends 
upon the extent to which grouping of similar items is possible. 
The work of compiling a table of constants for a plant manu- 
facturing approximately 6000 items will require the time of 
a capable cost clerk for about a month, and should be closely 
supervised by an engineer who understands the formula. The 
constants do not require correction more than once a year 
unless there is an appreciable change in unit cost of the product 
or a radical change in process involving set-up and spoilage. 

With the table of constants computed and the sales forecast 
available, the calculation of economic lot sizes is a simple 
slide-rule operation. The calculation is first made using Kw, and 
the resulting value of N will indicate whether or not it is 
neccessary to recalculate, using Ks or Ky, as the case may be. 





{ 
' 











208 


MECHANICAL 
ENGINEERING 


Vol. 54 MARCH, 1932 No. 3 


GEORGE A. STETSON, Editor 


Increased Use of Library 


URING 1931 the Engineering Societies Library in 

New York served 27,943 readers, the largest number 
ever recorded, according to the report of the director, 
Harrison W. Craver. It will instantly be supposed that 
the increase in the use of the library may be attributed 
to the fact that many engineers out of work find time 
for study. Mr. Craver points out, however, that while 
the unemployment situation is undoubtedly a factor, the 
increase has resulted rather from a growing appreciation 
of the wealth of information readily accessible in the 
library's collections. 

In support of this explanation it is of interest to note 
that the Christmas holidays brought an unusually large 
number of persons to the library. From all indications, 
this increase of readers represented students and instruc- 
tors who made use of the opportunity which the holidays 
and a visit to New York afforded to do some work in 
the library. It is becoming increasingly evident that the 
library is on the lists of visits to be made in New York 
by engineers from out of town. 

These and other engineers should not forget that 
through its search, translation, and photostat depart- 
ments the library is organized to serve those who cannot 
visit it in person. For example, any paper, abstracted 
in the Survey Section of MecHanicat ENGINEERING oF 
noted in the Engineering Index items every month, may 
be obtained in photostat form from the library. 


Engineering and Men 


N A RELEASE by the Education Research Committee 
of the Engineering Foundation there are reported the 
results from a group of letters obtained by Dr. Alexander 
R. Stevenson, of the General Electric Company and a 
member of the Committee, from twenty-eight young 
men in his company ranging in service since graduation 
from six months to five years. 

The practically unanimous reactions of these young 
engineers indicate that they are not disappointed in their 
choice of a profession, and can recommend it to others 
truly interested and properly equipped by education and 
training. With few exceptions, administrative posi- 
tions are looked upon as the goals toward which they 
are striving. Looking back at their educational re- 
quirements, they place greatest stress on subjects of a 
theoretical character, particularly those that assist in 
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learning to think. Mathematics through differential 
equations, physics, mechanics, English, public speaking, 
economics, and a sprinkling of ‘‘cultural’’ and business 
courses are specifically mentioned. 

Here, in a modest way, is an endorsement of present 
tendencies in engineering education by men who repre- 
sent some twenty educational institutions. This should 
be gratifying to those who are responsible for these 
tendencies. 

The younger brothers of these men, who are still at 
school, will do well to ponder the implication in the 
replies, which is that proficiency in theoretical studies 
that teach men to think and give them a broad knowl- 
edge of technical matters, liberalized by a certain famil- 
iarity with cultural and non-technical subjects, is the best 
training for an ultimate administrative position that 
must be approached by means of an engineering career. 
Inevitably the successful mechanical engineer must deal 
with technology and with men, and his education must 
contain those elements that fit him to understand the 
ways of both. 


Finding Work for Engineers 


INCE October, 1931, the Professional Engineers’ 

Committee on Unemployment has been operating 
in the New York district. Its work was quickly and 
effectively organized under the leadership of H. deB. 
Parsons, general chairman, and J. P. H. Perry, chairman 
of the executive committee, and has been carried forward 
with a vigor commensurate with the urgency for im 
mediate action. Money is being raised, men registered 
and interviewed, iobs canvassed, work found or “‘made,”’ 
funds distributed, contacts established with similai 
organizations, local and national, and advice and legal 
assistance provided where necessary. 

The work of the Committee, with statistics covering 
the period up to the middle of January, 1932, was de- 
scribed in the February, 1932, issue of Civil Engineering 
The description includes the Committee's organization 
chart and the details of the system of relief. Other 
engineering communities that are carrying out similar 
relief work or are contemplating undertaking such work 
may obtain reprints of the article describing the work 
of the New York Committee by addressing their requests 
to the Professional Engineers’ Committee on Unemploy 
ment, 29 West 39th Street, New York City. 

In their admiration of the splendid organization whic! 
this and other committees have set up and their effective 
service, engineers must not lose sight of the fact that 
jobs and funds are urgently needed. The present situa 
tion, in which so many engineers are not only out of wor! 
but in some cases are facing destitution, is an unprece 
dented one. It is a time when professional solidarity 
can be demonstrated in very practical terms by thos 
who are able to do so. Let it not be said of engineers 
that they are heedless of their own or unable to he! 
them. Those who can do so should provide jobs, | 
money, or both. 
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Chemical Engineering Graduates 


NGINEERS who followed the report on the ‘1930 

Earnings of Mechanical Engineers’’ which appeared 
serially in the September, November, and December, 
1931, issues of Mecuanicat ENGINEERING, will be 
interested in the report on “‘Occupations and Earnings 
of Chemical Engineering Graduates,’’ by Prof. Alfred 
H. White, which appeared in Industrial and Engineering 
Chemistry for February, 1932. The fact that the first- 
mentioned report, which was based upon statistics 
furnished by members of The American Society of 
Mechanical Engineers, indicated that seven per cent 
of those replying to the questionnaire were engaged in 
the chemical manufacturing industries, including oil, 
mining, and metallurgical, as well as the strictly chemi- 
cal industries, affords a further bond of interest for the 
two reports. Mechanical engineers in those chemical 
manufacturing industries, as shown by the chart on 
page 878 of the December section of the report, have 
salary characteristics slightly more favorable than those 
of the entire mechanical engineering profession during 
the first ten years out of college, which is the period 
covered by Professor White's report, and apparently 
chemical engineering graduates do at least as well if 
not better. 

The A.S.M.E. report aimed at presenting a picture of 
the status of the mechanical engineering profession, 
while Professor White’s object was more specifically to 
assist in the formulation of a curriculum in chemical 
engineering by a study of the work that recent graduates 
had been engaged in. Thus Professor White's report 
covers a period which the A.S.M.E. figures show to be 
one of preparation for a man’s life work, and one in 
which the differences in rates of earnings of various 
groups are relatively small on that account. 

It would appear that 60 per cent of the graduates in 
chemical engineering out of college 10 years are to be 
found in research, plant development and operation, and 
general engineering. As would be expected by one who 
has studied the A.S.M.E. report, the poorest paid groups 
of chemical engineering graduates are teachers and those 
in analytical laboratories. Men with graduate training 
have a pronounced advantage in earning power over 
those without it, when they are 1o years out of college. 
This was not found to be true in the A.S.M.E. study of 
men of corresponding age. 

One of the striking features of the A.S.M.E. report 
was the marked difference in the earnings of engineers 
with managerial and non-managerial functions. Posi- 
tions involving executive responsibility were shown to 
be recompensed with higher salaries. Professor White's 
report was based on men too young, in general, to have 
attained executive positions, defining the executive as a 
seneral officer of a corporation. Defining an executive 
as one who guides and directs others in important 
projects, there is abundant evidence, says the report, 
that many, even of those out of college only a few years, 
are In executive positions. “‘A questionnaire sent to 
these same men after another decade,"’ concludes Pro- 
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fessor White, “‘would undoubtedly show a much larger 
proportion as general officers of corporations, for there 
is an evident trend in industry to recruit the higher 
administrative staff from the ranks of men with pro- 
fessional training.’’ Abundant evidence exists of the 
soundness of Professor White's statement, for it has 
been found to be so in other industries into which 
professional engineers have made their way. The world 
needs trained engineers with broad human sympathies 
to handle the complicated affairs of industrial progress. 


The Volume of Business and the Color of Ink 


HERE is a joke current among accountants that the 

industry of red-ink making is booming because of 
their demand for that fluid, with which to enter figures 
in the loss column. 

Illuminating material as to why so much red ink may 
thus be consumed is supplied by a publication issued 
from the headquarters of the National Association of 
Manufacturers under the title, “‘Profits Versus Compe- 
tition.” The important conclusion at which the pub- 
lication arrives is, essentially, though not stated in 
just these words, that in going after business a concern 
may, and not infrequently does, reach a point where 
instead of making money it begins to lose money. In 
other words, we are dealing here with an application to 
general business of the Boehm-Bawerk theory of mar- 
ginal returns, familiar enough to economists, but ap- 
parently too gloomy for adoption by enthusiastic busi- 
ness men. 

It is generally acknowledged today that the cost of 
distributing and merchandising manufactured products 
is rising. The impression is that the distribution of a 
product costs as much as, and in some instances more 
than, its actual fabrication. From the trend indicated 
by available data, one may state as an approximation 
that at least 30 per cent of the consumer's purchasing 
dollar is spent on distribution, and that this proportion 
is increasing markedly from year to year. This increase 
in cost falls chiefly under two headings, namely, cost of 
salesmen and cost of advertising, and it must be clearly 
understood that expenditures on these instrumentalities 
of distribution are as vital to a business as fire insurance. 

As the National Association of Manufacturers states, 
the manufacturer whose product is backed by extensive 
advertising is enabled to get business away from the 
competitor whose product is not so well advertised, 
even though their two products are identical in every 
respect. It is therefore evident that the increased cost 
of selling for some manufacturers is not due to poor 
judgment or lax effort, but to the changing nature and 
greater intensity of competition. There is competition 
that favors progress and competition that hinders it, but 
no matter what its character, it brings about a rising 
cost of distribution. 

The following conclusions are cited verbatim, and are 
well worth attention because of the representative char- 
acter of the body from which they emanate. 

“This increasing intensity of competition includes 
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elements which do not favor, and are even unnecessary 
to, a maximum degree of progress. 

“The increasing intensity of competition has made 
existence precarious and profits low or negligible to 
great numbers of manufacturers and distributers in spite 
of increased skill and effectiveness in many directions. 
Unrestrained competition is therefore against the best 
interests of manufacturers and distributers. 

“The increasing intensity of competition in many 
industries, appearing in excessive selling costs, has 
diluted the value of productive labor so that the return 
to production in the form of wages to workers and 
profits to management, is diminished by approximately 
the amount of this wasted effort. Unrestrained com- 
petition, therefore, is against the best interests of both 
workers and management. 

“The increasing intensity of competition in many 
industries has resulted in a ruinous price level which has 
eliminated many concerns and thereby affected the pur- 
chasing power of whole communities. Unrestrained 
competition is therefore against the best interests of the 
consumers."’ 

It is truly a crazy world where 30 cents out of every 
dollar is spent to get the consumer to buy goods which 
he presumably needs. 


Statistical Methods in Strength Estimation 


HAT happens when we are pulling apart, say, 

a ‘/,-in. round steel rod in a testing machine? 
In answering this question we might imagine that 
we are dealing not with a solid rod '/, in. in di- 
ameter but with a bunch of tightly held very fine wires, 
each, say, 1/100,000 in. in diameter, and all parallel to 
each other. In such a wire rope not all the wires will 
be equally strong. Some may be perfect, others may 
have surface flaws acting as notches, and still others 
may have been improperly drawn and as a consequence 
have hollow spaces inside, greatly weakening their 
strength; and there may be wires that carry inclusions, 
such as tiny particles of slag, which again greatly 
weaken their strength. As the stress is applied, the 
weakest wire will be the first one to snap. When this 
happens, it ceases to carry its share of the load and more 
stress is thrown on the remaining wires. This pro- 
duces a rupture of the next weakest wire or group of 
wires, which in turn throws more load on the remaining 
individual wires. Gradually the non-perfect wires are 
all broken and the load is thrown on the remaining 
perfect wires. The load per wire is now very much 
greater than it was at the beginning, because only a 
portion of the wires are carrying it, and there finally 
comes a moment when the perfect wires cannot with- 
stand the stress, and all break at the same or substantially 
the same time. 

Still assuming that our rod has been replaced by a 
rope consisting of extremely fine parallel wires, we have 
to remember that, in the final count, the ultimate 
strength of such a rope depends on the proportion be- 
tween the perfect and the defective wires. 
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It is merely a matter of what might be called an 
accident that one of these wires has a surface flaw, 
another an inside cavity, a third an inclusion of a bit 
of slag or a gas pocket, etc. When we replace each in- 
dividual wire by a string of atoms located along the 
direction of the stress, we shall probably also find that 
such strings may contain imperfections the nature of 
which we do not know, but which weaken the ability 
of the strings to withstand stresses. As in the case of 
the wires, the presence of these weakening elements in 
each particular string of atoms is what might be termed 
accidental, and yet it is found that a number of pieces 
of steel produced by the same method show approxi- 
mately the same characteristics when subjected to cer- 
tain stresses (which is what makes specifications of 
materials possible). 

In the case of a wire rope such as that described above, 
this would mean that the proportion between the de- 
fective and perfect wires in a rope produced by a certain 
method is substantially the same, which, in turn, would 
mean that while no individual wire can be said to con- 
tain of necessity a weakening factor or be of necessity 
free from one, nevertheless the usual statistical laws such 
as are expressed broadly in the so-called theory of proba- 
bilities apply and determine the ratio of perfect to im- 
perfect wires. If we change the process of manufacture 
of the piece, its composition, or its previous history, we 
may change this ratio of perfect to imperfect wires or 
strings of atoms, but here again, while the numerical 
constants have been changed, the application of the 
statistical laws has not, and a chrome-nickel wire pro- 
duced by a certain method may be stronger than a plain 
carbon wire, but all chrome-nickel groups of wires pro- 
duced by that particular method will be substantially 
equally strong. 

Life-insurance premiums are based on the workings of 
actuarial laws, and the insurance companies would soon 
cease business should these laws fail to work. Now, 
apparently, approximately the same thing happens in the 
case of the imaginary rope by which we have replaced 
the steel rod under test. A certain predeterminable, 
though not yet predetermined, number of wires break 
under the application of, say, the first 1000 Ib, and this 
is indicated by the elongation which takes place in 
the rope under that load. A certain further number 
break with the next 1000 lb, and so on. We do not 
know and we cannot predict which of the wires will 
break first, just as we do not know which person 
among a thousand men forty-five years old will die first. 
We do know, though, how many of them are marked 
for demise each year, and if we possessed the information 
that would let us apply actuarial laws to the case of 
steel pieces, we could predict from the knowledge of 
certain factors the stresses which each piece is capable 
of withstanding. 

The statistical methods involving what is now known 
as the principle of indeterminacy have been applied with 
striking success in quantum mechanics by Heisenberg 
and his followers, and unquestionably will soon be used 
in engineering. 
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THE PORTLAND-CEMENT INDUSTRY 
A Comparative Study of the Industry in the United States, Canada, and the United Kingdom 


HIS is a very lengthy serial article and cannot be abstracted 

extensively because of lack of space. Therefore the parts 
reported here are those dealing with features which more 
especially concern the United States. 


GENERAL CONSIDERATIONS 


The development of the portland-cement industry in the 
United States was primarily affected by the disposition of the 
raw materials, which determined the choice between the wet 
and the dry processes. The early cement was made from 
cement rock found in the Lehigh district of Pennsylvania. 
With this material the dry process was the most economical. 
With the very great increase in demand for cement, hard lime- 
stone has superseded the use of cement rock and is now the 
most widely used raw material. Because of the change in 
material the wet process gradually gained ground, and in 
1927, of 153 plants, 77!/2 were employing the wet process and 
751/2 the dry process. However, while 66 per cent of the 
total of all cement produced was made on the dry process and 
only the remaining 34 per cent on the wet process, there is 
nevertheless a steady trend toward the wet process. The 
selection of the process affects also the use of the waste-heat 
boiler. With the dry process the average temperature of the 
exhaust gases is about 1200 F compared with 600 to 700 F 
with the wet process, and with “‘atomized’’ or ‘‘spray-fed"’ 
slurry only about 300 F. In 1929 in the United States approxi- 
mately one of every three cement plants had a waste-heat- 
boiler installation. 

The original article gives statistical data for the capacity 
of portland-cement plants, volume of production, value of 
product, exports, imports, and consumption. In the United 
States the ratio of production to capacity has steadily de- 
creased from 76.3 per cent in 1927 to 66.1 per cent for the 
twelve months ended March 31, 1930, but the total capacity 
of the plants was increased in 1928 by 1.63 per cent and in 
1929 by 5.8 per cent. If the capacity of the mills had not 
been increased in 1929 the ratio of production to capacity 
it the end of that year would Have been 70 per cent as against 
66.1 per cent. This leads the author to the conclusion that 
in the United States new plants have been erected irrespective 

{ whether or not the increase in the total capacity will benefit 
the industry as a whole, with the result that the industry is 
and has been for some years suffering from a redundancy of 
capacity. If the present rate of fall of ratio of production 
to capacity is allowed to go on, the ratio will be reduced to 
50 per cent in five years. The author believes that it should 
be possible to maintain a ratio of at least 80 per cent as a 
minimum, while still providing for all fluctuations in home 
and foreign markets. At present in the United States there is 
an excess of capacity of at least 45 million barrels per annum, 
fepresenting about $100,000,000 of capital. The interest on 
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this capital at 5 per cent amounts to $5,000,000 per annum, 
and this amount, spread over the 170 million barrels of cement 
sold in 1929, is equivalent to 3 cents per barrel. In addition, 
depreciation of plant at 7.5 per cent per annum amounts to 
$7,500,000 per annum, or 4'/2 cents per barrel sold, making 
a total of 7!/2 cents per barrel. 


RAW MATERIALS 


Generally speaking, in the three countries under considera- 
tion most of the geological periods are represented, but there 
are certain raw materials used in the manufacture of portland 
cement in one or more of the countries which are not employed 
in the others. The most important of these is the Trenton 
limestone (cement rock), which is extensively used both in 
the United States and Canada but not in the United Kingdom. 
The Liassic formation of the Jurassic period is employed in 
the United Kingdom, but not apparently in the United States 
or Canada; but in the latter country there is in Vancouver 
Island a formation believed to be of the Lower Jurassic period, 
but which has physical characteristics different from the 
Liassic formation in the United Kingdom. 

Generally speaking, the majority of materials used in the 
United States are hard and require crushing and grinding 
previous to burning in the kilns. The quarrying of the hard 
materials in the United States and Canada necessitates drilling 
and blasting as a preliminary to their being gathered by 
mechanical diggers, whereas in the United Kingdom the soft 
chalks and marls can in nearly every case be gathered by 
mechanical diggers direct from the face. The conveying of 
the softer material is also easier and cheaper. 

In the United States there is a tendency to erect the plant 
near the market and bring the raw materials to it, particularly 
where limestone can be brought by water, as in recently built 
plants at Detroit and Buffalo. The limestone for these plants 
is screenings from a furnace flux and is brought by lake in 
self-unloading steamers. In the case of the Buffalo mill this 
distance is over 400 miles. The mining methods do not 
appear to be very different in the three countries considered, 
apart from such changes as are introduced by the difference in 
the materials themselves. The same essentially applies to the 
preparation of the materials, the methods being described in 
detail in the original article. This part cannot be abstracted 
because of lack of space. 

Brief reference is made to the storage of raw materials. The 
percentage of water in the various raw materials depends 
entirely on their character, the minimum generally being found 
in hard limestones free from clayey matter and the maximum 
in clays. As the majority of the raw materials in the United 
States are hard, the matter of their moisture content has had 
an important bearing on the method of treatment and the 
choice of plants as compared with the United Kingdom and 
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Canada. Hard limestones contain from '/2 to 3 per cent of 
moisture, and in special cases with dry process and adequate 
protection from the water during handling, may be sent to 
the grinding mills without drying. Chalks and clays have 
to be dried 

For final mixing in the United States the centrifugal pump is 
most generally used in pumping the slurry, but the air lift is 
also employed. In the United Kingdom a centrifugal pump 
is rarely seen on slurry service, the plunger type being almost 
universally used. The author considers the centrifugal pump 
preferable to the plunger pump. 

It is a common experience with the movement of slurry in 
pipe lines to have trouble with the valves or cocks. On 
many pipe lines the valves do not have to be moved often for 
considerable periods, and even with valves that are in frequent 
use the solids in the slurry get between the faces and cause 
sticking. This may frequently require the dismantling of the 
valve, with consequent waste of time and delay. To over- 
come this source of trouble, a special lubricated valve has 
been designed, and has been in use in some works for a number 
of years. In this valve, which is of the plug-cock type, there 
is a tapped hole containing a check valve in the shank of the 
plug, and continued from this is a duct drilled outward to the 
surface of the plug and communicating with two grooves, 
one on each side of the plug, terminating in a chamber at the 
bottom of the plug. As the plug is arranged to rotate only 
a quarter-turn, the grooves on the bearing surface of the plug 
are never exposed to the liquid flowing through the pipe line. 
In operation the lubricant, in the form of a stick, is inserted 
into the neck of the plug, and, in being forced down by the 
screw, lubricant pressure is transmitted down the grooves 
into the base chamber. The result is that the plug is lifted 
and a lubrication film is obtained between the working faces 
of the plug cock. If the valve is difficult to move, the lubri- 
cant screw is given a slight turn, which not only forces the 
plug but supplies the whole of the bearing surfaces with the 
lubricant. In the United States this valve is called the Nord- 
strom valve, while in the United Kingdom it is known as the 
Audco valve. 

It is in slurry mixing and storing methods that practice in 
the United States and the United Kingdom differs. In the 
former country the mixer almost invariably takes the form of 
a traveling-bridge agitator, while in the United Kingdom the 
use of the “‘sun and planet’ mixer is universal. 

The details of the bridge and ‘‘sun and planet’’ mixers are 
given in the original article. An improved type of air-agi- 
tated slurry mixer recently introduced in the United Kingdom 
takes the form of a circular tank in which a lattice-girder arm 
is arranged to rotate, with its pivot at the center and its 
extremity on the side of the tank. On this girder arm are 
mounted a number of vertical air-supply pipes which reach 
nearly to the bottom of the tank, where they are curved back- 
ward. The arrangement is very light and takes but 6 hp for 
a tank containing 750 tons of slurry. The air pressure used 
is 10 lb per sq in. 


THE KILN 


The kiln is probably more capable of improvement than any 
other cement-making plant. The most important direction 
for improvement is in the more complete combustion of the 
fuel, whether it be coal, gas, or oil. Improvements in this 
direction when burning coal have been the finer pulverization 
of the coal and the greater regularity of its supply to the kiln 
due to improved pulverizing units, which the author proceeds 
to discuss. 

Another improvement affecting combustion is the increased 
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control of the feed of fuel into the kiln and the air necessary 
for proper combustion. The modern trend in kilns is toward 
the combined kiln and cooler unit 

The principal advantage of the combined kiln and cooler 
unit over the separate kiln and cooler is the very important 
one of the added control over the quantity of incoming air 
which is made possible by the former unit. In the separate 
type the air for combustion is a variable quantity over which 
very little control can be exercised. This air enters through 
the open end of the cooler, an unrestricted area up to about 
100 sq ft, exposed to all fluctuations of atmospheric disturbance; 
it enters also in varying quantities through the joint between 
the feed end of the cooler and the clinker chute, as well as 
through the joint between the firing end of the kiln and the 
kiln hood. Neither of these joints can be other than a very 
poor air joint, as in both cases the joint has to be made between 
a revolving and a fixed object under conditions where a high 
degree of heat obtains. 

With the combined kiln and cooler unit, the entering air, 
instead of coming in at one large opening with a low efficiency 
of heat exchange from clinker to air, is divided into a number 
of streams according to the number of cooling cylinders 
This increases the rate of heat exchange by reason of the closer 
and more frequent contact between the air and the clinker 
Further, the whole of this air must pass along the length of 
the individual cylinders, as there are no open joints between 
the inset end and the kiln. With this type of cooler the 
control of the quantity of air within close limits is not difficult, 
and, because of the disposition of the cylinders, fluctuations 
of pressure due to atmospheric disturbance are reduced to a 
minimum. 

Structurally the combined kiln and cooler unit is simpler 
and cheaper than the separate type. The application of roller 
bearings to kilns is discussed next, and the author mentions 
a plant in the Lehigh Valley area where kilns 135 ft in length 
and completely equipped with roller bearings are giving 
satisfaction and have enabled a considerable saving of power 
to be effected. Another installation to which he refers is in 
Illinois. 

SLURRY FEEDING 


The usual method of feeding slurry into the kiln is by gravity 
The gravity method has two distinct and inherent limitations; 
the first is that, by allowing a!l the added water to go into the 
kiln, it imposes the wholly unnecessary duty on the kiln of 
evaporating this added water; and the second, that the slurry 
stream cannot be broken up adequately, with the result that the 
transfer of heat from the kiln gases to the slurry is at a low 
rate, necessitating either a decreased rate of travel of the 
material through the kiln or an increase of heat at the same 
rate of travel. Because of these limitations more fuel has to 
be burned in the kiln than is necessary, and the efficiency is 
lowered. 

To overcome the first limitation, slurry filters have been 
brought into extensive use in the United States. There are no 
filters on slurry feed in Canada or the United Kingdom. Ot 
the two types of filters—the disk and drum types—filters for 
dewatering slurry duty are always of the former type. 

The “‘spray feed’’ is a system which aims at increasing the 
rate of heat exchange from the kiln gas to the slurry by making 
use of the fact that the greater the surface of contact betwee! 
a liquid and a gas of different temperatures, the greater th: 
rate of heat exchange. In this system the slurry is intro 
duced into the kiln in the form of fine spray, and it is claimed 
that an increase in exposed surface as high as 300-fold is ob 
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the kiln gases washes the gas, and before the particles fall to 
the bottom of the kiln they are sufficiently dry to have lost 
their tendency to ball together. (With the gravity system 
the material is fed into the kiln in a stream and is apt, par- 
ticularly if the materials are colloidal, to form either balls 
of material or slurry rings in the kiln, thus reducing the rapid 
transfers of heat from the gases to the materials.) 

In practice, atomizing of the slurry is effected by two or 
three nozzles arranged to spray into the cool end of the kiln 
at slightly different angles. Slurry containing the normal 
amount of water is delivered under pressure to the atomizing 
nozzles. Thirteen plants operate with this system in various 
parts of the world, one having been installed in the United 
States late in 1930. 


WASTE-HEAT INSTALLATIONS 


The only reason for such installations is economy. There 
are two methods by which this problem has been tackled 
successfully, methods which are diametrically opposed to 
each other. One method is to keep the heat of the exit gases 
at a minimum, or even artificially to increase it to suit the 
conditions demanded by a waste-heat-boiler installation and 
to transform as much as possible of such heat into useful 
work, and the other to reduce the quantity of heat passing 
out of the kiln to a degree where it is uneconomical to collect 
it for power purposes. The former method takes the form 
of a waste-heat installation as used in the United States, and 
the latter finds expression in an increase in the length of the 
kiln, which is the universal practice of the United Kingdom 
and Canada. 

The proportion of cement plants in the United States which 
had installed waste-heat plants in 1929 was about one-third. 
The efficiency of modern installations has been increased to a 
point where they can supply the whole of power requirements 
of the plant. The inclusion of a waste-heat unit in a cement 
plant necessitates a limit in the length of the kiln. With 
modern waste-heat installations, the maximum length of the 
kiln is usually 150 ft, although in one case the kiln is 175 ft 
in length. Where waste-heat installations are not employed 
there is a definite trend toward still longer kilns and conse- 
quently lower exit temperatures, and in the United Kingdom 
kilns over 400 ft in length are in operation. 


ROLLER BEARINGS 

Roller bearings have been successfully used both in the 
United States and in the United Kingdom in grinding mills 
and in kilns. Owing to the comparative inefficiency of grind- 
ing mills, a material portion of the power supply is converted 
into heat instead of into the useful work of the reduction of 
the material. This heat, besides being wasteful, has the 
lisadvantage of making the material, particularly clinker, 
harder to grind, and causing an inconvenient expansion of the 
mill when in operation. This expansion in the axial direction 
is of the order of 3/4 in. in a mill 40 ft long, and special ar- 
rangements must be made for its accommodation. 

In the two-point support arrangement in the lighter mill 
with plain bearings, where there is a central trunnion bearing 
t each end, it is not usual to find any arrangements for this 
increase and decrease in the length of the mill other than a 
clearance sufficient to take up its maximum axial expansion. 
So the condition exists where, until the heat being generated 
has suffused the mill as a whole to its maximum temperature, 
and consequent maximum length, there is an exposure of actual 
bearing surface to the abrasive-ground material which is 
present in the atmosphere to a greater or lesser extent at this 
point. To remove this unfavorable condition, a roller bearing 
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has been designed so that there is no unnecessary clearance 
between the bearings whatever the length of the mill may be 
between its minimum and maximum limits. 

The author describes and illustrates a roller bearing mounted 
remotely from the driving end of the mill on three steel parallel 
edges which accommodate whatever variable axial displace- 
ment exists at any time due to changes of temperature of the 
mill. These steel pieces take the form of an inverted V, the 
bottom surface being curved and having a radius equal to the 
normal vertical height of the V, so that in whatever position 
the edges may be between the prescribed limits, the height of 
the shaft is constant. He refers also to a three-point support 
arrangement for heavier mills. An alternative arrangement 
for large mills with central drive is to provide two roller 
bearings mounted end to end on the solid journal. For the 
largest mills this arrangement has been found to be a more 
economical solution than to fit one single bearing of sufficient 
load-carrying capacity. 

In the United States an example can be taken from a Penn- 
sylvania cement plant with combination mills fitted with 
Timken bearings. These mills, one on raw material and the 
other on clinker grinding, are 91/2 ft in diameter at the en- 
larged end, 8 ft in diameter in the parallel portion, and 38 ft 
long. Each mill, driven by a 1100-hp motor, weighs 92 tons 
and carries a charge of 90 tons of grinding media. The two 
carrying rollers at the head end of each mill are 48 in. in diam- 
eter with a 24-in. face. The roller bearings are of 16 in. bore 
and 26'/s in. outside diameter. 

The last section of this extensive paper is devoted to details 
of machinery such as dust collectors, centrifugal filter and 
gravity separators, electrical precipitators, internal vortex 
separators, and flue-dust collectors. The November issue 
contains a brief summary of some of the features of the article. 
(Hal Gutteridge, in Cement and Cement Manufacture, vol. 3, 
no. 11, Nov., 1930, pp. 1453-1455, and vol. 4, nos. 1, 2, 4, 5, 
7, 9, 10, and 11, Jan., Feb., April, May, July, Sept., Oct., and 
Nov., 1931, pp. 16-25, 169-172, 411-421, 538-545, 776-795, 
1011-1024, 1129-1138, and 1223-1225, illustrated, cdA) 
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AERONAUTICS (See also Engineering Materials: 
Beryllium and Aeronautic Construction) 


Super-High-Load Wing Sections 


HE article here abstracted presents a theoretical considera- 

tion of the factors which increase the load per square foot 
of area of the wing, and comes to the conclusion that this in- 
creased load-carrying capacity can be obtained by promoting 
air circulation about the wing. Some of these methods of 
increasing the air circulation described in the original article 
act on the circulation directly, while others produce the same 
effect indirectly. Some of these latter methods are limited 
to means for restricting décollement or burbling without directly 
partaking in the creation of the movement of circulation. 
The methods which the author describes deal with principles 
and not with practical constructions. (Fr. Haus, Ch. Engr., 
Technical Services of Belgian Aeronautics, in L’ Aéronautique, 
13th year, no. 143, Apr., 1931, pp. 125-131, 17 figs., ) 
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ELECTRICAL ENGINEERING 


Mercury-Jet Commutation 


HE difference between the rotary equipment for large- 

power direct-current production and the jet-wave rectifier 
is that while in the former every care is taken to avoid sparking 
of the commutator, nothing is done or need be done with 
the latter. The jet-wave commutation is said to be found to 
possess certain characteristic features which would seem to 
render it extremely well suited for direct-current production 
in general, and especially adaptable to the solution of special 
problems in connection with the transmission of electrical 
energy. 

The principle of jet-wave commutation appears in Fig. 1. 
The moving member 
of this commutator is 
a wave-shaped mer- 
cury jet J, the jet 
wave, the particles of 
which are all travel- 
ing with a constant 
velocity V along 
straight lines radiating 
from a fixed point 0. 
The wave as a whole 
moves on with this 
velocity, thereby al- 
ternately connecting 
the electrode E (the 
rapping electrode) 
with the two sides EF, 
and E, of the main 
electrode. The wave 
is produced electro- 
magnetically by the 
interaction of a con- 
stant magnetic field F 
and an alternating cur- 
rent passed through 
the jet. The cur- 
rent originates from the same source as the voltage to be 
commutated. In this way synchronism is insured between 
this voltage and the motion of the wave. Commutation of 
the proper moment of the period of the voltage is secured by 
adjustment of the distance of the main electrode from the 
field. The process of commutation and the current relations 
during the process of commutation are explained in detail and 
illustrated in the original article. 

In this method of commutation there is sparking. The 
commutation is effected by a knife W made of conductive 
material of high melting point, generaily tungsten. The 
knife cuts the wave, after which the spark appears, and for- 
tunately instead of coming between the lower edges of the 
knife and the two sides of the cut in the jet wave, the spark 
chooses to settle down between the two sides of the cut, 
thus attacking only the material of the jet wave. This is 
harmless as it causes the liquid to evaporate, which does not 
matter as it immediately condenses again. The commutator 
is therefore free from wear. It is important to have means 
for absorbing the electrokinetic energy set free during the 
commutation in the time available for this absorption, and 
only hydrogen can do this in the case of large-power com- 
mutation. [Jul. Hartman in a paper read before Section G 
of the British Association, London, Sept. 30, 1931, abstracted 
through Engineering, vol. 132, no. 3436, Nov. 20, 1931, pp. 
654-656 (to be continued), dA] 











FIG. 1 DIAGRAMMATIC REPRESENTA- 
TION OF MERCURY-JET-WAVE 
COMMUTATOR 
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ENGINEERING MATERIALS (See also Mechanics: 
Effects of Bending Wire Rope) 


Beryllium and Aeronautic Construction 


HE present article is more or less of a general review of the 

extra light, light, and heavy alloys containing beryllium. 
In the matter of light alloys, the authors chiefly rely on 
American patents. Besides this they refer to the investigation 
by Masing and Dahl, who dealt with aluminum-magnesium- 
beryllium alloys containing respectively 80 and 90 per cent 
of aluminum. The presence of beryllium does not seem to 
have improved the properties of these alloys. The heavy alloys 
are considered by the authors as being of more immediate 
practical importance. They state that the addition of small 
quantities of beryllium to copper, nickel, and iron alloys pro 
duces considerable changes in the properties of these alloys 
Thus, copper-beryllium alloys can be hardened and annealed 
practically like high-carbon steel, although the mechanism 
of hardening is quite different. The peculiar characteristics 
of these copper-beryllium alloys is that their modulus of 
elasticity in tension and in torsion is considerably affected by 
aging and prolonged annealing. 

Beryllium steels have been recently investigated by Kroll, 
who studied the influence of small quantities of beryllium on 
iron-nickel and chrome-nickel steel, the latter with high 
chromium content. The effect of beryllium is particularly 
evident in the case of nickel steel, where it produces an increase 
in hardness due to aging. Beryllium additions also produce 
aging in stainless chrome-nickel steels of the austenitic type. 
The present high cost of beryllium, is, however, an obstacle 
to its wide introduction. (Leon Guillet and Marcel Ballay 
in Revue de Meétallurgie, vol. 28, no. 10, Oct., 1931, pp 
525-528, g) 


Metallized Terra Cotta 


HE process of applying metals to ceramic products now in 

general use is very costly, particularly in view of the subse- 
quent firing treatment at a temperature which is critical for 
the development of dunting tendencies. The author describes 
the process of metallizing in which the Schoop metal-spraying 
method is used. This was tried some fifteen years ago, but 
was then unsatisfactory. The new work was undertaken 
because of improvements in the construction of the pistol and 
in general technique. The pistol here used is described in 
some detail. Of prime importance is the nature of the surface 
on which the metal is to be applied, and in general the rougher 
the texture, the more satisfactory the adhesion. The surface 
must be dry and free of grease. It is important that the spray 
strike the work approximately at right angles, and the pistol 
should be held from 4 to § in. from the work. 

The texture of the newly sprayed article resembles that ot 
fine emery paper, and altogether fails to give the impressioi 
of being metallic at all. To develop the characteristic metallic 
appearance it is necessary to either scratch-brush or buff the 
surface. So far scratch-brushing has been found to be the 
more satisfactory method, and it gives a characteristic 
finish which is distinctive and which differs from the usual! 
polished-metal effect. The difficulty in buffing is that so 
much heat is generated in the process that the metal expands 
and, in some cases, develops sufficient tension to partially 
disrupt the article. The future, however, may show som 
method of obviating the excessive heating up, and hig! 
polishing would then be practicable if desired. Besides the 
plain-metal effects, it is also possible by later chemical treat 
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ment to artificially oxidize or color the base metals, in this 
way obtaining pleasing color and antique effects. 

Metals and alloys which have been applied on terra cotta 
with varying degrees of success include lead, zinc, tin, alu- 
minum, nickel, copper, phosphor bronze, and such alloys as 
silveroid, goldoid, and stainless steel. Tarnishing of the 
metallized units in use had to be considered. It has been 
found that the most promising method of all is the application 
to the finished metallic surface of a thin coat of bakelite. 
However, since tarnishing occurs even in spite of that, a 
method has been developed of applying bakelite to both 
sides of the film of metal, and it is now felt that the problem 
has been to a large extent solved. 

The Einstein electrolytic process, a secret one, has been 
tried but found to be much more costly and therefore aban- 
doned. The metallization process as applied to terra cotta is 
in the development stage. (M. Barrett in Transactions of the 
Ceramic Society, Stoke-on-Trent, vol. 30, no. 10, Oct., 1931, 
original paper pp. 315-319, and discussion, pp. 319-340, e¢) 


“Migra” Cast Iron 


HE author describes a special cast iron intended for high- 

quality castings, and reports some experiments that led 
to the development of the new iron. Among others, several 
tons of a low-carbon pig iron were poured partly into sand, 
yielding gray cast iron, and partly in iron molds, yielding 
white cast iron. By subsequent annealing a part of the latter 
iron was malleableized, temper carbon being formed. The 
composition of the iron as to carbon, silicon, manganese, 
phosphorus, and sulphur was substantially the same. These 
three types of iron were remelted under identical blast con- 
ditions with the same addition of 7 lb of ferrosilicon per 220 Ib 
of iron charge. They were poured under the same conditions 
into bars and various castings. The remelted products had 
practically the same composition throughout. The static 
mechanical tests showed, however, that the gray cast iron 
had the best properties, as indicated by Table 1. 


TABLE 1 TESTS OF REMELTED IRONS 


Ulcimate Transverse 


strength, strength, Deflec- 

Kg per Tons per Tons per tion in 

Remelted from: sqmm_sqin. sqin. inches 
Gray cast iron 19.4 i235 20.5 0.33 
White cast iron j 14.5 9.2 16.3 0.29 
Malleableized white cast iron... 13.4 8.4 17.0 0.34 


From this it would appear that the formation of the graphitic 
tructure in pig iron in its bearing on the properties of the 
emelted product may be influenced by other variables. By a 
pecial heat treatment of the iron from the blast furnace before 

uring it into pigs it has been possible to establish systematic 
relations between the quality of the gray cast iron produced 

using this special pig iron. 

[his thermal treatment is based on the principles of super- 
heating the iron, although it will require the observance of 
certain given limits for temperature and time of treatment 
which differ considerably from the data published so far in 
literature. As the new special pig iron is characterized by a 
remarkably fine graphite grain and fracture, it has been given 
the trade name ‘*Migra’’ iron (Micro-Graphite). 

The original article reports tests with this iron, including 
mechanical tests. The refined qualities imparted to the Migra 
iron are also reproduced in the remelted product, but only 
when the intermediate heat treatment has been performed in 
a special manner. It is claimed that the new iron can be used 
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where it is desired to produce an iron of good casting qualities, 
high machinability, great density, and high mechanical 
properties. It is also claimed that it may replace charcoal 
iron in the production of chilled castings, rolls, and ingot 
molds. (E. Piwowarsky and A. Wirtz in Giéesserez, vol. 18, 
no. 36, Sept. 4, 1931. Compare Foundry Trade Journal, vol. 45, 
no. 792, Oct. 22, 1931, pp. 251-252 and 254, 2 figs., pd) 


FOUNDRY 
Effect of Excessive Atmosphere Moisture in Cupola Blast 


BOUT seven or eight years ago, automotive engineers 

began to decrease the cylinder diameter of automobile 
motors and to use narrower piston rings. Consequently piston- 
ring foundries were called upon to produce much lighter cast- 
ings than they had been accustomed to make. With the pro- 
duction of these lighter castings, the problem of hard iron 
became a serious one. 

In the foundry of The Piston Ring Company it was dis- 
covered that the light castings would be hard at times, and 
at other times, with apparently no change in the practice, 
they would be soft and machinable. This condition continued 
for two or three years, and gradually there developed in the 
minds of the operators of the foundry the conviction that 
weather conditions, with respect to the moisture content of 
the atmosphere, constituted an important influencing factor 
so far as hard iron was concerned. 

Certain changes were made in molding methods and other 
details, and when these were completed the effect of atmos- 
pheric moisture again began to be noticed. During the sum- 
mer of 1928, at the suggestion of the late Dr. Richard Mol- 
denke, a refrigerating system was installed to control the 
moisture of the blast. The author describes what their ex- 
perience was on a day when the moisture content of the air 
was high. The troubles that occurred were ascribed to re- 
tardation of the normal dissociation of the cementite into 
ferrite and graphite. The author's theory was that oxygen 
Over a certain amount causes cast iron to chill when poured 
into light-section castings, and that this excess of oxygen 
may be due to high moisture in the air. When the excessive 
moisture in the cupola blast was eliminated the hard-iron 
losses dropped to an almost negligible percentage. Fully 75 
per cent of the cupola operating difficulties have disappeared. 
Because of smoother and more accurate control, the company 
has been able to make reductions in the amounts of limestone 
and fluorspar used, and in the amount of coke between charges. 
These have more than offset the operating costs of the system, 
and as a result the better quality of iron produced has been all 
clear gain. 

Among other things, the author states that the fluidity of 
iron is closely connected with the oxygen content of the 
metal. It has been the author's experience that iron with 
an oxygen content high enough to cause chilled piston-ring 
castings is very fluid. On the other hand, he believes, as a 
result of his own experience, that if the oxygen content of 
cast iron is reduced below a certain point, the iron will become 
very sluggish and will not run even comparatively simple 
castings. 

Certain tests of fluidity are described. A short description 
of the moisture-control system is also appended. A tempera- 
ture of 35 F is maintained as the air leaves the brine spray. 
Since the air is saturated, this means that it contains just a 
trifle over 2 grains of water per cubic foot. (Neil A. Moore, 
Metallurgist, The Piston Ring Co., Muskegon, Mich., in 
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Transactions and Bulletin of the American Foundrymen's Association, 
vol. 2, no. 9, Sept., 1931, original paper, pp. 285-288, 1 fig., 
and discussion, pp. 288-296, dr) 


FUELS AND FIRING 


Tangential Firing of Gaseous and Liquid Fuels 


ANGENTIAL or corner firing has been used principally in 

firing pulverized coal. Installations have been made 
which demonstrate that this method of firing is also suitable 
for gaseous and liquid fuel. 

In firing with gas as a fuel it was first necessary to develop 
proper burners, and when this was done it became apparent 
that best results were obtained when the furnaces were not 
pushed too hard, which meant that it was necessary to increase 
the furnace volume so as to take full advantage of the burners. 
But while a large furnace volume is essential to good combus- 
tion, the shape and disposition of the furnaces should be such 
as to make it entirely effective. The first step in this direction 
was to increase the turbulence of the gas and air streams as 
they leave the burner, but even under this condition the 
mixture was found slow to ignite but had a tendency to long 
flaming. The reason for this is that the gas contains a large 
percentage of inerts, and in order to speed up ignition it is 
necessary to bring the gas and air together very rapidly. 
This means a furnace construction which will also prevent or 
minimize the possibility of sintering of any dust accumula- 
tions that may occur. 

The steam-generating units embodying these principles at 
the Sparrows Point Plant of the Bethlehem Steel Co. have 
demonstrated that the combustion can be speeded up and the 
flame shortened to the extent that no traces of carbon monoxide 
are present in the gases after they have passed through the 
lower furnace water screen. The heat absorption of the 
water-wall surface is uniform, and is constantly maintained 
at a high point by the revolving column of gases, the sweeping 
action of which serves to prevent the formation of compara- 
tively stagnant and cold gas layers along the walls. In addi- 
tion to this, the efficiency of the wall as a heat-absorbing 
medium is maintained at a high point, because any dust or 
slag accumulations, after a time, fall off and drop into the 
ashpit. Sintering is eliminated because a relatively low fur- 
nace temperature is maintained by the high heat-absorption 
efficiency of the walls. While tangential firing is responsible 
for the manner in which this unit performs, the use of highly 
preheated air must not be overlooked. The temperature of 
the air leaving the heater with gas firing, reaches 400 F. It 
is therefore not necessary for the furnace to supply all the 
heat required for the ignition of the fuel. Under these condi- 
tions, the resulting furnace temperatures are higher than if 
cold combustion air is used. Where washed gas saturated 
with moisture is used, hot air is particularly advantageous as 
it accelerates ignition. 

The original article also describes the units installed at the 
Cambria plant and at the Lackawanna plant of the Bethlehem 
Steel Co. In all of these cases the operation is said to have 
been quite successful. This is followed by a description of 
the generating unit recently developed by the Combustion 
Engineering Company. In this unit (Fig. 2) the furnace is 
completely surrounded by water-cooled surface capable of high 
rates of heat absorption. The fuel is fired tangentially trom 
the four lower corners of the furnace. Water-screen protec- 
tion is provided so as to prevent the slagging of the accumu- 
lated ash in the pit. The superheater is screened from the 
direct radiant heat of the furnace by four rows of tubes and is 
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located above the furnace. It is stated that in fully water- 
cooled furnaces with tangential firing, washed blast-furnace 
gas, notwithstanding its high moisture content, difficult 
ignition, slow burning, long flaming, and varying dust con- 
tent, has been burned successfully at rates varying from 6000 
to 36,000 Bru per cu ft per hr. With this fuel, the resulting 
efficiencies are as high, if not higher, than those previously 
possible to obtain. Pulverized coal, fuel oil, and by-product 
tar have also been burned, with relative ease, at varying rates. 
The only change necessary for the handling of any of these 
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FIG. 2 COMBUSTION ENGINEERING COMPANY'S STEAM 
GENERATORS FOR TANGENTIAL FIRING 


fuels consisted in changing the types of fuel nozzles in the 
furnace corners. If it is so desired, it is possible to permanently 
install burners to handle coal, oil, and gas, and these fuels 
may be burned simultaneously or separately as desired. Chang: 
ing from one fuel to another may be accomplished on very 
short notice. (Otto deLorenzi, Combustion Engineering 
Corp., New York, in Combustion, vol. 3, no. 4, Oct., 1931, 
pp. 11-15 and 21, 4 figs., d) 


HYDRAULIC ENGINEERING (See Pipes: Failure 
of Water Mains) 


INTERNAL-COMBUSTION ENGINEERING 


Closed System of Cooling for Diesel Engines 


HE article here abstracted is the first of two on the 
subject of the closed system of cooling for Diesel engines 
The closed system of cooling is necessary where either th« 
available supply of water is insufficient or the water is of such 
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characteristics that it cannot be conveniently used in the 
engine. 

In the closed system the jacket water is not exposed to the 
air for direct cooling, but is cooled indirectly by passing it 
through heat exchangers or coolers. As usually designed, 
the closed system does not have any great amount of storage 
of jacket water. Some make-up water is required on account 
of losses occurring around the engines and water absorbed 
by small leaks in the system. The cooling water is usually 
raw water from the locally available supply. The choice 
of the type of cooler to be used depends on the hardness of the 
water, space limitations, initial cost, and maintenance. The 
first consideration is of fundamental importance from an 
operating standpoint. The shell-type cooler is to be preferred 
in situations where the rate of accumulation of scale from the 
raw water is not too rapid. 

With respect to hardness of the water, the type of cooler 
to be used might be specified as follows: Total hardness of 
the raw water up to five grains per gallon, no coolers required; 
total hardness from 5 to 35 grains per gallon, use atmospheric- 
type If the total hardness exceeds 60 grains per 
gallon, there is likely to be great trouble in maintaining the 
cooling surfaces sufficiently free of scale, and it will be found 
particularly desirable to keep considerable quantities of water 
overflowing continuously from the cooling pond or tower 
basin in order to keep down concentration of solids in solution 

The advantages o. the shell-type cooler with respect to 
accessibility and cleaning are obvious. The fact that shell- 
type coolers are made truly counterflow in principle while 
this effect is not fully realized in atmospheric-type coolers, 
and that the former have the advantage of good water veloci- 
ties both inside and outside the tubes, is partially offset by 
the evaporative-type coolers. In cost of installation the 
atmospheric-type cooler is the more expensive of the two on 
account of increased height required in the cooling tower, the 
special distributing system needed in the tower, and the cost 
of suitable cleaning racks, which should be provided 

The most important advantage to be obtained in the use 
of atmospheric-type coolers is their scale-shedding feature. 
Secondary to this feature is the ability to observe at any and 
all times the condition of the exterior cooling surfaces with 
respect to scale and other deposits. 

In atmospheric-type coolers a certain amount of cooling is 
obtained by virtue of evaporation which occurs on the tube 
surfaces. This advantage, however, must be evaluated merely 
by its effect on the cost of installation for a certain prescribed 
duty as compared with an alternative proposal. The remainder 
of the article in the October issue and the first part of the 
November issue are devoted to suggestions as to the installation 
of shell-type and atmospheric-type coolers. In the November 
issue suggestions are also given as to pump installation. 

Inasmuch as the jacket water reaches the pump suction at 
nearly the temperature of discharge from the engines and this 
temperature will ordinarily be 110 to 115 deg and may during 
hot weather and at times of heavy load and heavy atmospheres 
reach 125 to 130 deg, it is recommended that the pumps be 
set at an elevation below the level of the water in the sump. 
This eliminates the necessity of providing special priming 
arrangements and permits the pumps to pick up the water 
instantly when they are started up. This feature is of great 
importance in the plant-operating routine. 

It is pointed out that although it is good practice in design 
to limit the discharge temperature of the jacket water to 115 
deg, no great hazard will exist even though it should rise 
temporarily 25 to 30 deg above that figure if the flow is steady 
and uninterrupted; but that an interruption in the flow, 
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even of very short duration, occasioned by the fact that there 
is a suction lift on the pump and the pump has lost its suction 
due to air leakage or high temperature of the water, is very 
likely to cause cracking of cylinder heads. 

Some of the author's suggestions as to cooling towers and 
spray ponds and emergency supply tank are new. (CT. A. 
Burdick, Alco Products Co., New York, in Diesel Power, vol. 9, 
nos. 10 and 11, Oct. and Nov., 1931, pp. 495-498 and 554-556, 
7 figs., dp) 


MACHINE PARTS AND DESIGN 


The Inverse Geneva Wheel Motion 


HIS motion is the invention of J. R. Schultz, of the E. W. 

Bliss Co., Brooklyn, N. Y. It was developed about fifteen 
years ago to fill the requirements of a practical type of drive for 
feeding strip stock into power-press dies, and has been applied 
to a variety of successful applications in automatic machinery. 
Little or nothing, however, has been published regarding its 
action and peculiarities. 

The term “‘inverse’’ is applied to this form of Geneva mecha- 
nism for producing intermittent circular motion because the 
driving and driven members rotate in the same direction, 
whereas with the usual form of Geneva motion the rotations 
are reversed. The arrangement is such that the driving-crank 
axis and the crank circle are entirely within the radius of the 
plate or driven member, and this produces a very different 
effect in the timing, acceleration, and the velocity of the plate. 

Some typical forms of the inverse Geneva wheel are illus- 
trated in a figure which shows a three-station plate. The 
essential parts are few and simple, consisting of a constant- 
velocity driving crank and a variable-velocity driven member 
called the plate. The plate rotates in equal intermittent 
movements from station to station, stopping for a short 
interval of time at each station. As the rotation of the plate 
is caused by the motion of the crankpin roller in passing 
through radial grooves in the plate surface, the number of 
stations is dependent upon the number of grooves. 

The smallest number of radial grooves with which a Geneva 
mechanism will function is three. The greatest number is 
infinite, being limited only by the diameter of the plate and 
the width of the grooves, both of which may theoretically 
be made to any proportions. In actual practice, however, 
the number of grooves required is not very great. 

The article gives some details as to the selection of the 
angles of the driving crank and the idling angle, as well as 
some practical points to be considered in the design of an 
inverse Geneva stop. The locking arrangement is described 
and illustrated in the original article. (Warren P. Willett, 
Asst. Designing Engr., National Automatic Tool Co., Rich- 
mond, Ind., in Machinery (New York), vol. 38, no. 4, Dec., 
1931, pp. 260-261, 3 figs., d) 


MARINE ENGINEERING 
Design of American Super-Liners 


HE purpose of this paper is to describe the design and 

general characteristics of the liners which the United States 
Lines propose to build for the North Atlantic service. It 
was found expedient to develop two designs, one embodying 
geared-turbine and the other turbo-electric propelling ma- 
chinery. These are going to be really huge liners, with a length 
overall for the geared-turbine-drive ship of 963 ft 3 in., pro- 
pelling machinery with a normal shaft horsepower of 146,000 
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at 160 rpm, and a maximum shaft horsepower of 180,000 at 
174 rpm. There will be eighteen water-tube sectional express 
boilers with a total boiler heating surface of 286,920 sq ft 
(steam pressure, 400 lb gage; steam temperature, 700 F, both 
at superheater outlet). 

The ships are to operate through the fall, winter, and spring 
months on a normal schedule at a speed of about 28 knots, 
and during the summer months at about 30 knots. 

In order that they may be driven at high speed in heavy head 
water the ships are to have a raked stem and a high freeboard 
forward. The hull has a cruiser stern and bulbous bow. Aft 
the hull is cut away in contour and is fitted with a spade 
type, streamlined balanced rudder. The arrangement for the 
machinery and boiler compartments are such as to secure the 
greatest safety so the vessel can reach port from mid-ocean in 
case of damage. 

The propelling units for the geared-turbine-drive ship are 
of the four-pinion, single-reduction gear type arranged on four 
shafts with the inboard propellers turning outboard and the 
outboard propellers turning inboard. In the electric-drive 
ship there is a four-shaft arrangement with a single motor on 
each shaft. The inboard propellers turn outboard and the 
outboard propellers turn inboard. 

The boiler installation is considered an outstanding feature 
of these vessels. In each case the maximum rated power is 
developed with two boilers idle. This gives an opportunity 
for cleaning the boilers at sea and enables these units to be 
maintained in the most efficient condition. The output per 
boiler is over 11,000 shaft hp. As each boiler has a heating 
surface of 15,940 sq ft, this represents only about 0.7 shaft 
hp per sq ft of heating surface, which is a moderate amount. 
With a steam demand for all purposes of 1,650,000 lb per hr 
when the propelling machinery is developing 180,000 shaft hp, 
the evaporation per sq ft of heating surface is only about 5.75 
Ib per hr. Conditions are here made more nearly like the 
modern power plant ashore, where fewer and larger steam- 
generating units are the accepted practice. 

It is believed that there is now no merchant vessel afloat 
that has boilers of a greater unit output than those proposed. 
Yet the units are of such number that ample flexibility of power 
is possible. 

The propelling machinery consists of four sets of quadruple- 
expansion turbines, the high-pressure and the first intermediate- 
pressure turbines running at 2000 rpm, the second intermediate- 
pressure and the low-pressure at 1100 rpm, and the propeller 
at 160 rpm. For both drives the power is divided equally 
on four shafts, each shaft in the gear drive being driven by 
quadruple series steam turbines through four pinions engaging 
with a main single-reduction gear. In the turbo-electric drive 
each shaft is driven by a three-phase synchronous-type motor 
direct-connected to the main thrust shaft, and current is supplied 
by four three-phase turbo-alternators. The condensers are of 
the underslung type and have scoop circulation. 

Control of the propeller revolutions for both ahead and 
astern movement of the vessel will be by means of the turbine 
throttles only, and there are to be no pole-changing devices. 
There is one main condenser for each turbo-alternator, de- 
signed and proportioned to maintain at normal power an ab- 
solute pressure not in excess of 11/2 in. mercury with circulating 
water having a temperature not below 70 F. 

Vapor from the evaporator shells is utilized for purposes 
requiring low-pressure saturated steam, including steam to the 
second-stage feedwater-heater shells, and to the vessel’s heat- 
ing system. Under certain conditions of operation it may also 
be introduced into the propulsion turbines. 

Feedwater heating is done in two stages with a terminal 
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temperature of 300 F at the boiler checks. The heating agent 
for the first-stage heaters will be made up of auxiliary exhaust, 
steam bled from the propulsion turbines, and drains from the 
second-stage heaters. The heating agent for the second-stage 
heaters will be steam bled from the propulsion turbines together 
with drains from the evaporator coils. 

In order to keep the weights down and the machinery spaces 
as small as possible, but consistent with good design, sectional 
express-type water-tube boilers without air heaters or econo- 
mizers have been adopted. Without air heaters or economizers 
this type of boiler has an efficiency of 81'/2 per cent. With 
air heaters the overall efficiency would be increased approxi- 
mately 31/2 per cent. 

The introduction of air heaters was given much considera- 
tion. It was found that the height of the boiler casings would 
have to be increased to such an extent that about 3000 to 4000 
sq ft of deck space now occupied by crew's quarters would be 
lost. The number of oil burners per boiler would have to be 
increased by about 40 per cent. The air pressure in the boiler 
compartments would have to be increased from about 2!/¢ in. 
to about 5 in. water gage. 

The power to drive the forced-draft blowers would be about 
double that required without air preheaters. There would be 
a substantial increase in the weight of the boiler plant. This 
would amount to 200 tons for the geared installation, and to 
225 tons for the electric installation. Owing to the increase in 
the number of burners, there would be an increase in the num- 
ber of firemen required. The boiler casing would be more com- 
plicated, due to the additional ducts required to convey the 
heated air down to the furnaces. There would be an increase 
in the first cost of the installation, with resulting increase in 
the carrying charges. The maintenance cost would be in- 
creased. 

Development work was carried on with the Babcock & 
Wilcox Company with regard to fitting air heaters and econo- 
mizers to the sectional express boilers, together with a study 
of stowage space, changes in arrangement of decks, etc., with 
a view of securing about 88 per cent boiler efficiency, together 
with other refinements in the machinery installation, with the 
expectation of reducing the fuel consumption to approximately, 
or only a little above, 0.60 Ib of oil per shaft hp. 

Because of the increased initial cost, extra weight, and the 
increased cost of upkeep and maintenance involved as com- 
pared with a lighter, simpler design, the air heaters and econo 
mizers were not adopted. This decision was further influenced 
by the fact that vessels operating on a two-week schedule in 
the summer months have very little layover time at New York 
and Southampton for cleaning boilers, which are the most 
troublesome part of the machinery equipment; therefore the 
simpler the boiler installation, the easier it is to maintain 
the sailing schedule. Estimates which were made show a 
greater return on the capital investment by adopting the simpler 
and lighter boiler plant than by adopting a heavier and more 
complex one with its higher thermal efficiency. 

Two plates in the original article show the steam distribu 
tion in the heat balance. As they cannot be reproduced, 
because of lack of space, it may be mentioned in connection 
with the geared-turbine drive that, beginning at the boiler 
plant, the total evaporation for 180,000 shaft hp is 1,652,258 
lb per hr with a heat content of 2,250,375,396 Bru. The boiler 
efficiency used (81/2 per cent) is conservative, actual tests of 
considerable duration at the testing plant of the League Island 
Navy Yard, Philadelphia, having indicated to the satisfaction 
of observers that a mean of 811/2 per cent can be maintained 
in service continuously. 

The remainder of the article is primarily of importance to 
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naval architects and cannot be abstracted here. However, 
particular attention is called to the part dealing with efforts 
to minimize vibration and racking. (Theo. E. Ferris, Naval 
Architect and Marine Engineer, New York, N. Y., in a paper 
before the general meeting of The Society of Naval Architects 
and Marine Engineers, Nov. 19 and 20, 1931, 32 pp., illustrated, 


and 13 plates, @) 


MECHANICS 
Effects of Bending Wire Rope 


HERE is a suspicion that the popular formulas for the 

estimation of the loss of strength due to bending wire 
rope may not be correct. The purpose of the present paper is 
to analyze this problem in the light of available material. 
Wire rope is one of the most used, and most abused, com- 
modities of industry. Therefore all its properties should be 
known, to che end that the public and the wire-rope manu- 
facturer may agree upon the increase in its cost, if necessary 
to provide for more safeguards in the selection of materials 
and in the process of manufacture, so that its performance 
may be predicted for a properly supervised service. 

The author starts with a general discussion of the manu- 
facture of wire rope and a classification of its types. From 
this he proceeds to an analysis of the strength of the rope 
strand as compared with the sum of the strengths of the in- 
dividual wires. He considers the case of a curved wire about 
a straight center wire and that of a curved wire about a curved 
center wire, and gives formulas for both cases. He points 
out that foreign rope lists carry higher breaking strengths than 
those of American manufacturers. 

Some reference is made to the effect of varying diameter of 
the helix. As regards bending stresses in wire ropes, the usual 
procedure is to rely upon the theory of flexure as developed 


for homogeneous prisms. It is admitted that the theory of 


flexure is only approximate, and its use is permitted in engi- 
neering calculations because a great number of physical tests 
have demonstrated its limitations. The author enumerates 
the assumptions on which it is based, and derives a formula 
for the unit bending stress in a rope 

A large part of the literature on wire rope is devoted to the 
presentation of tables and diagrams of stresses due-to bending, 
which are based directly, or with slight modification, upon 
these formulas. In the opinion of many this information is 
most deceptive, and has played a prominent part in blocking 
the advance of the engineering profession to a true knowledge 
of the behavior of a wire rope in service. 

To investigate the matter, certain tests were carried out. 

\ discrepancy found between theory and practice is ascribed 
to the fact that the wire rope in passing around the sheave 
has but one point of distortion, namely, the point of tangency 
of the rope and the sheave. The author next summarizes some 
of the formulas for bending stress, and proceeds to show that 
wire rope is a systematic grouping of wires into helixes bent 
about a core that may be regarded as having the properties of a 
yielding foundation. He derives several formulas for P, 
vhich is the axial load sustained by a wire of the strand. 
he value of P multiplied by the number of wires in the rope 

es the loss of strength due to bending. He also derives a 
ormula for the total service stress. 

\n equation is likewise derived for an elastic curve of a 
xcked-coil cable supporting a carrier. The following passage 
from the author's conclusion is quoted verbatim. 

In any symposium for the improvement of the service life 
4 wire the issue must be joined by considering this question: 
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Can the processes involved in the manufacture, the rolling of 
rods, the drawing of wire, the laying of wire rope, and its 
uses be brought under critical technical control to the end that 
a behavior of the wire rope in service may be predicted with 
assurance? Of course, some ropes fail to render service. The 
wonder is that so many prove satisfactory in spite of abuse 
and neglect. It is probable that the improvement of wire 
rope will be the result of a gradual advance in the control of 
the basic operations of its manufacture and use.”’ (Frederick 
Carstarphen, Consulting Engineer, Denver, Colo., in Pro- 
ceedings of the American Society of Civil Engineers, vol. 57, no. 10, 
Dec., 1931, pp. 1439-1466, mtA) 


Strength of Sector of a Circular Plate Between Two 
Radial Ribs 


OR the uniformly loaded sector of a circular plate an exact 

solution of the proper equation can only be obtained by 
expanding the uniform rate of loading per unit surface into 
an infinite series when the sector may be considered as resting 
free on the two radii at its edges. The equation is given in 
the original article. When, however, the circular plate has 
radial ribs, the only admissible supposition is that the sector 
is rigidly fixed to the ribs. For this case a method of approxi- 
mation is proposed by the author, such as has already been 
adopted by H. Lorenz for rectangular plates (Zeétschrift des 
Vereines deutscher Ingenieure, 1913, p. 623). According to this 
method the bending is taken proportional to a suitable func- 
tion which satisfies the conditions of stressing and deforma- 
tion existing at the edges of the sector. The coefficient of 
proportionality follows from the consideration that the work 
of internal deformation must be equal to the work done by 
the external forces. An expression for the bending is found 
in the original article in the shape of a rather complicated 
formula. The maximum bending according to the formula 
takes place at r = */3R. The expression for the maximum 
bending involves the maximum contour factor, and values 
for this are given for various numbers (from 12 to 4) of radial 
ribs. The stresses are given in the original article, and it is 
stated that the maximum radial stress is situated at the outer 
edge in the middle of the arc, while the maximum tangential 
stress is situated at the ribs halfway between the apex and the 
arc of the sector and ‘“‘also, but only slightly less, in the center 
line of the sector’’ at certain distances from the apex. In 
the case where the number of ribs is eight, the maximum 
tangential stress is equal to the radial stress. When there 
are more than eight ribs the tangential stress in the middle 
of the rib is greater than the radial stress; when there are 
fewer than eight ribs, it is less and in the middle of the arc. 
A formula is given for the maximum bending in a rigidly 
fixed sector with six ribs, which, however, is approximate 
only. (G. Ei. in Sulzer Technical Review, no. 4, 1931, pp. 
16-18, 3 figs., mt) 


Bursting Strengths of Cold-Drawn Brass Tubes 


HE term ‘“‘internal couple’’ in the case of cold-drawn brass 

tubes implies the couple produced by the resultant of 
the tensile stresses on the outside layers and the compressive 
stresses on the inside layers. The original article gives the 
results of tests intended to detect the variation in the possible 
kinds of stress distributions in cold-drawn tubes, and describes 
how they were carried out. The curves presented are repre- 
sentative of the kinds of variation that have been discovered, 
and are claimed to show that the stresses are so distributed 
as to give them diminishing thickness, (4) increasing dis 
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placements, () decreasing displacements, and (c) constant 
displacements. In some samples there were no displacements at 
all, which denotes the absence of harmful stress. From these 
experiments the author concludes that the displacements 
depend upon the rate of removal of stress. He then tells how 
to find the initial longitudinal couple, for which he gives an 
expression. He next proceeds to describe a method for finding 
the initial circumferential couple, for which he also gives an 
expression. 

After this, tests were made to measure the bursting strength 
of initially stressed and unstressed samples parted off the same 
tubes as used in previous experiments. One sample was 
heated for two hours at 250 C to eliminate its internal stress, 
as it was known that this low-temperature annealing releases 
the internal stresses without affecting hardness, strength, or 
microstructure. 

From these tests it was found that there is no serious differ 
ence between the bursting loads for stressed and unstressed 
samples. Therefore it may be concluded that the initial 
internal stresses have no serious effect on the strength of cold- 
drawn tubes. Both the initial, internal, longitudinal, and 
circumferential couples increase with increasing ‘‘sink."’ 
(Jas. Fox in Mechanical World and Engineering Record, vol. 90, 
no. 2340, Nov. 6, 1931, pp. 454-457, 13 figs., ¢) 


METALLURGY (See Engineering Materials: “Migra” 
Cast Iron 


PIPES 
Failure of Water Mains 


T A MEETING of the Council of the Institution of Water 
Engineers, London, England, on March 1, 1929, a sub 
committee was appointed to inquire into the question of the 
failure of water mains. A report of the committee has now 
been published. 

From a general examination of the figures presented, it is 
apparent that the liability of water mains to fail decreases as 
their size increases, and that 3-in. mains are by far the most 
vulnerable, other factors besides mere size being here operative 

As regards the effect of frost, it has been found that installa- 
tions drawing their supplies from wells or other underground 
sources have a much smaller number of failures than those 
depending upon surface supplies. The size of main has a clear 
influence upon the number of failures, and the smaller the pipe, 
the more liable it is to fail. 

It is only in the case of the smaller mains, particularly those 
having rigid joints where expansion and contraction are not 
possible, that the fractures can be fairly definitely ascribed to 
the difference in temperature between the water admitted to 
the mains and the temperature of the soil. In other instances 
it is difficult to determine whether the damage would have 
taken place if the pipes had not been detrimentally affected 
by some other cause, such as electrolysis, graphitic deteriora- 
tion, etc. 

In more recent years it has been the custom to pay greater 
attention to the depth at which water mains are laid. In 
1895, the year of the great frost, it was recorded in London 
that the temperature was below 32 F on twenty-five days from 
January 25 to February 18, but the temperature of the earth 
at a depth of 1 ft below the surface fell below 32 F on twelve 
consecutive days only. A table sets forth an interesting com- 
parison of the temperatures of the water in the trunk mains 
and the earth at a depth of 4 ft below the surface during 1929. 
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The effect of traffic and vibration is next discussed. Special 
mention is made of the effect of the use of pneumatic tools 
in breaking up the foundations of the roads, which has been 
found to cause gas leakage from lead joints. 

The greater liability to failure in the case of small-sized mains 
in cold weather may be attributed to some extent to the number 
of supply pipes, hydrants with their connections, and other 
apparatus in which the water lies nearer to the surface of the 
ground. 

The proximity of tramways is in many cases a contributory 
cause of failures. (Journal of the American Water Works Associa 
tion, vol. 23, no. 12, Dec., 1931, pp. 2067-2084, g) 


REFRIGERATION 
The Pak-Ice Machine 


HIS machine was designed primarily for the storing up 

of refrigeration in the form of frozen liquids, such as water 
or brine. The product is not in the form of transparent blocks, 
and can best be sold as crushed ice. As the product comes 
from the machine it is in the form of small crystals suspended 
in water. The water can be pressed out or otherwise removed 
The machine consists of a cylinder with a corrugated liner 
fitted into an outer casing. Liquid ammonia is fed into the 
space between the two. The inside of the liner is filled with 
circulating water which freezes rapidly on the liner surface 
and is constantly removed by tool-steel scrapers. The rapidity 
of freezing is such that the entire capacity of the cylinder 
about 15 gal, is frozen in less than 4 min. The corrugations 
in the liner increase the area of freezing surface 400 per cent; 
the ice film is not allowed to grow thicker than 0.008 in; 
the water circulates over the freezing surface at the rate of 18 ft 
per sec. The metal wall which transfers the heat is °/16 in 
thick, and the jacket is flooded completely with liquid am 
monia which is boiling at a furious rate. All of these factors, 
particularly the high speed of the circulating liquids, account 
for the high rate of production. 

As compared with the standard can system, the present 
method of ice making produces a saving in building and floor 
space. The freezer, ammonia accumulator, water pump, am 
monia compressor, and motor for the above-mentioned pro 
duction may all be mounted on a base 4 ft X 12 ft. 

The ice produced is stored automatically in a bin refrigerated 
just enough to prevent the ice from melting. The machine 
may be used for freezing various concentrations of brine to 
be used for the production of temperatures below 32 F. Solu 
tions of sodium chloride containing 23 per cent of salt have 
been frozen with a suction pressure of about 6 in. vacuum 
The machine discharges the product in a semi-solid condition 
at a rate of about 20 lb per min, and the output may be in 
creased by precooling the solution going into the freezer 
These frozen brines appear to have good possibilities for the 
icing of refrigerator cars for meat and frozen products. Ex 
periments in car icing are described in the original article 
(Wm. H. Taylor in Refrigerating Engineering, vol. 22, no. 5 
Nov., 1931, pp. 307-309, 3 figs., d@) 


TESTING APPARATUS 


Stroboscopic Methods of Investigating the Action 
of Machinery 


HE author deals with methods based on the use of t! 
stroborama, a device which has been described in Amer 
can publications. (See Mecnanicat ENGINEERING, vol. 45 
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no. 11, Nov., 1923, p. 663, and vol. 47, no. 11, Nov., 1925, 
p. 926 He applies it to the study of propellers, injectors, 
and motors, and incidentally describes briefly and illustrates 
an installation for photographing air propellers by means of 
exposures lasting one-millionth part of a second. This latter 
was made possible by the use of a recently invented auxiliary 
to the ordinary stroborama consisting of a luminous tube and 
a special condenser, so arranged that a single flash of the 
stroborama, even when lasting only about one-millionth of a 
second, is sufficiently powerful to produce a picture on an 
ordinary photographic plate. The position in which the 
machine is photographed may be determined by means of a 
synchronizer controlled by the machine itself in series with 
another synchronizer operated by hand. The spark may, 
however, be produced by the machine itself, as would be done 
in photographic non-periodic movements; for example, a 
bullet can make a contact in passing between two metallic 
wires, and the rupture of a piece of metal can be photographed 
at the instance when it occurs by the parts themselves estab- 
lishing the contact. (CL. and A. Seguin, Directors of the 
Mechanical and Physical Research Co., in L’ Aeronautique, vol 


143, Apr., 1931, pp. 132-135, 10 figs., d 


Gas Measurement in the Metric System 


HIS method of measurement is assuming increasing im 
portance among companies operating in Mexico and along 
the Mexican border. Under this system gas is measured in 
cubic meters, pressure in kilograms per square centimeter, and 
temperature in degrees centigrade. Orifices are measured in 
millimeters, and recording differential gages register milli 
meters of water pressure. In conversions and calculations a 
method making use of the cubic foot absolute will greatly 
lessen the labor and increase accuracy in the calculation. 

Just as the cubic foot absolute is secured by multiplying 
either standard or flowing cubic feet by the pressure in pounds 
per square inch absolute and the reciprocal of the absolute 
temperature in degrees fahrenheit, the cubic meter absolute 
may be derived by multiplying either standard or flowing 
cubic meters by the pressure in kilograms per square centi- 
meter absolute and the reciprocal of the absolute temperature 
in degrees centigrade. The conversion from cubic feet abso- 
lute to cubic meters absolute may be made by means of the 


multiplier 0.003584, made up of 


9 ] l 


x x 
5 14.2232 35.314 


For the conversion from cubic meters absolute to cubic feet 
ibsolute, the reciprocal, 279.02, is used 

Having reduced the volume of metric units to the cubic 

meter absolute and then to the cubic foot absolute by means 
of the above multiplier, in order to get the equivalent volume 

English units at any pressure or temperature, it is only 
ecessary to multiply by the absolute temperature and the 
ciprocal of the absolute pressure. 

\s the base pressure in countries using the metric system is 
ten one kilogram per square centimeter, the base-pressure 
ultiplier would be: (Atmospheric pressure + gage pressure )/1, 

kilograms per square 
Thus, to secure this multiplier it is only neces- 
sary to add the gage pressure to the atmospheric. It is of 
course necessary to have temperature multipliers for degrees 
centigrade, and extensive tables in centimeters or millimeters 
and kilogram units. (W. P. Porcher, Measurement Engineer, 
Texas Cities Gas Company, El Paso Division, in Western Gas, 
vol. 7, no. 12, Dec., 1931, p. 40, p) 


th pressures being expressed in 
timeter 
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Textile Mills Converted to Electric Drive 


LECTRICITY replaced steam in a large Yorkshire worsted 

and a Scottish tweed factory. The former is located at 
West Riding and is the Whetley Mill of Daniel Illingworth & 
Sons, Ltd. While the mill is located in the heart of a large 
city like Bradford, it nevertheless has a generating plant of 
its own installed. Steam is used for process work, but amounts 
only to about 18 per cent of that required for generation. It 
is stated, however, that the decision was arrived at after a 
careful study of the overhead costs for both private generation 
and pipe supply. The new generating plant consists of a geared 
turbo-alternator (2500 kva, 440 volts, three-phase, 50 cycles) 
for providing the day load and a reciprocating steam engine 
coupled to a 300-kw alternator for the night-load supply. 
On both the turbine and the engine arrangements are made for 
steam bleeding for process work. The savings already effected 
indicate the wisdom of the capital investment, to say nothing 
of the increased production of the mill. The steam required 
for all purposes with the old plant was 45,000 lb per hr, while 
the consumption under new conditions is 32,000 Ib per hr. 
The demand for process steam has been reduced from 8000 
9000 Ib to 5000-6000 Ib per hr. The consumption includes a 
new lighting load of 70 kw 

A further saving of about 7 per cent in steam consumption 
is expected when the steam pressure is increased from the 
present 120 lb per sq in. to the 220 Ib per sq in. for which the 
boilers have been designed. 

The total load on the motors is 2450 hp, while the aggregate 
capacity of motors installed is 2690 hp, a close margin tending 
to high commercial efficiency. All the motors are of simple, 
robust squirrel-cage construction, and up to 30 hp they are 
switched directly on to the line, thus enabling an inexpensive 
form of switchgear to be employed 

The installation in the mill was difficult because the layout 
of the textile machinery provides little or no floor space for 
the motors. Therefore in each of the seven spinning rooms 
four 60-hp, 720-rpm motors are housed in steel structures 
attached to the roof girders, a pair of motors in each structure. 
Each motor drives eleven spinning frames. In the roving 
department 10-hp motors are housed in the cradles suspended 
from the roof girders. Each motor is directly coupled to a 
high-speed shaft with a jockey pulley, and the drive is taken 
down tothe frame. The methods of installation in the draw- 
ing, carding, and combing rooms are described in some detail. 

Another mill-drive conversion is that at the Buccleuch 
tweed mill at Langholm, Scotland, owned by Arthur Bell & 
Co. In this case there was no pipe supply available and the 
mill shafting was originally driven by a 150-bhp gas engine 
supplied from a producer plant on the site. Here the new 
power is provided by a B. & W. water-tube boiler with a 
chain-grate stoker and superheater and a Green economizer. 
The boiler steam conditions are 200 lb per sq in. and 537 F; 
the generating equipment consists of a turbine, gear coupled 
(8500 to 1500 rpm) to a 150-kw alternator of 400-440 volts 
and 50 cycles. 

The turbine has four stages and 5000 Ib of steam per hr can 
be bled from it at 20 lb per sq in., the pressure being controlled 
automatically by the pass-out valve gear, irrespective of 
quantity. Arrangements have been made for the utilization 
automatically of live steam in the event that the demand for 
process steam exceeds the quantity passed out from the turbine. 

As soon as the pressure in the low-pressure steam receiver is 
reduced to 18 lb per sq in., an ‘‘Arca’’ valve in the saturated- 
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steam line automatically admits steam from the line at re- 
duced pressure. The receiver is situated in the low-pressure 
main and acts as a buffer in the event that the process-steam 
valves are opened very rapidly. 

Details as to the installation are given in the original article. 
It is said that the conversion has effected a saving in fuel- and 
ash-handling costs, greatly reduced smoke emission, and gives a 
steadier driving, great reduction of noise, and easy starting 
with auxiliary power. (The Electrical Review, London, vol. 
109, no. 2818, Nov. 27, 1931, pp. 805-806, @) 


THERMODYNAMICS 


Relation Between Heat Transfer and Surface 
Friction for Laminar Flow 


HE heat transfer from a surface immersed in a moving 

fluid depends not only on the surface friction, but also on 
the general fluid flow in the neighborhood of the surface. 
Any attempt to obtain a theoretical relation between heat 
transfer and surface friction, therefore, necessarily involves the 
establishment of a connection between surface friction and 
the neighboring fluid flow, and consequently the problem 
must be restricted to those types of motion for which such a 
connection can be found. There appear to be only two types 
of motion for which this requirement can be fulfilled: first, 
flow in pipes, and second, flow past surfaces for which the 
boundary-layer theory is applicable. 

The paper gives a mathematical theory of the heat transfer 
from a surface over which the fluid flow in the boundary 
layer is laminar and two-dimensional when the heat flow is 
steady. It also gives a general differential equation for heat 
transfer at any point in the boundary layer, which, after 
simplification, has been solved by artifices similar to those 
used to obtain a solution of the boundary-layer equations. 

The solutions obtained were adapted to two problems of 
practical interest, (@) the heat transfer from a plane placed 
in a fluid stream in the direction of motion, and (4) that from 
a generator strip of a circular cylinder. In each case relation 
ships were obtained between the intensity of heat transfer 
and surface friction. These theoretical relationships were 
compared with those obtained from measurements of the heat 
transfer from a thin platinum foil placed in a wind stream 
and from a nickel strip embedded just below the surface of a 
cylinder. The intensity of surface friction for the platinum 
foil was known theoretically, and that for the cylinder was 
taken from earlier experiments. 

The agreement between theory and experiment was close for 
both the plate and cylinder. (A. Fage and V. M. Falkner in 
Reports and Memoranda No. 1408 (Ae. 529) British Air Ministry, 
30 pp., 12 illustr., Apr., 1931, tm. Abstracted from press 
release) 


WELDING 
Welded Boiler Drums 


HE address here abstracted describes various methods of 
welding, with particular reference to those employed in 
boiler manufacture. 

The author shows that flash welding is not properly suited 
to the manufacture of large boiler drums, because of the enor- 
mous cost of equipment. Spot welding is difficult to apply 
to heavy plates, and is rarely used with plates thinner than 
3/5 or 1/2 in. Projection welding is likewise rejected. Re- 
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sistance welding is used for tube-welding manufacture, par- 
ticularly for thin-walled tubing. 

The author discusses next the various forms of arc welding 
and the various methods of protecting the metal from oxida- 
tion and absorption of oxygen. This latter is done by the use 
of coated or covered electrodes, or by protecting the metal in 
its passage across the arc by a stream of combustible gas around 
the arc, usually hydrogen or of the hydrocarbon variety. 
The oxyacetylene flame when properly adjusted produces its 
Own protective elements in the form of the products of com 
bustion. As regards the strength of weld, the following is 
stated: 

The physical properties of a piece of steel depend largely 
upon its chemical composition and upon its heat history. 
All metal is crystalline in its structure. When steel cools 
from the molten state it crystallizes, and these crystals com- 
bine in groups to form what are commonly known as grains 
of varying shapes and sizes, and the size of these grains is 
largely a question of their heat history, that is. the tempera- 
ture to which the metal has been raised, the time it has been 
held there, the rate of cooling, etc. Under the conditions 
of cooling in the ordinary arc weld the grains are very coarse, 
and, although the metal may have ample tensile strength, it 
is almost universally brittle. By proper heat treatment such 
metal may be refined as to its grain size, with an accompanying 
change of properties, particularly as to its ductility. 

It just happens that in the making of arc welds in heavy 
plates it is practically necessary to deposit the metal in layers 
in which case each layer puts the layer below it through an 
ideal heat treatment as far as grain refining is concerned. 
This is particularly true in heavy-plate welding where large 
currents are used and where sufficient heat is thereby trans 
mitted to the underlying layer to carry it through this refining 
process. It is obvious, however, that the depth of penetra- 
tion of the refining heat is limited, and therefore that it is 
necessary to restrict the thickness of the layers to that point. 

The author brings up the following important question: 
When is the slightly lower ductility of one of these welds 
without grain refinement any serious handicap to the safety 
of the resulting structure, assuming of course, that the tensile 
strength of the joint is equally high in both cases (and this is 
a fact)? He does not answer the question completely, but 
states as his personal opinion that there are very few structures 
in which this lower ductility has any influence on their satis- 
factory service. In the case of arc welding with either bare 
or covered electrodes, great care is necessary to avoid gas or 
slag pockets or the finer type of porosity, with the consequent 
danger of fatigue failure starting at this point. The following 
passage is quoted verbatim: “‘You have doubtless been told 
that welds are being made which are superior in every respect 
to the parent metal, and this is in generat true, but I wish to 
assure you that this is not the whole story, and that it is not 
a simple matter to produce a perfectly homogeneous non 
porous weld metal. If the pores are very small and uniformly 
distributed, they will probably not affect the satisfactory) 
functioning of the resulting joint in any way, but the large: 
pockets are distinctly dangerous, and these do occur occa 
sionally in the best-regulated families.”’ 

The author refers in this connection to Professor Moore’ 
report on breathing tests of cylindrical shapes, and referenc 
to the A.S.M.E. Boiler Code Committee requirements of X-ra\ 
tests should prove the absence of slag or gas pockets in t! 
welded joints. (Dr. Comforr A. Adams, School of Eng: 
neering, Harvard University, Cambridge, Mass., in Combustion, 
vol. 3, no. 4, Oct., 1931, pp. 16-21 and 24, gA) 
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MATERIALS HANDLING 


Mold-Handling Methods in Foundries 


HIS paper analyzes the mold-handling problem in foundries, 

first listing the important features to be considered in a 
study of the application of mold-handling devices. Present- 
day practice in intermittent and semi-continuous foundries is re- 
viewed. The numerous advantages and reasons for lower cost 
production in continuous mold-handling operations as com- 
pared with floor methods are given. The design and applica- 
tion of continuous power-operated mold conveyors are dis- 
cussed, with illustrations of several types. (Paper No. MH- 
53-5, by William L. Hartley.) 


Synchronization of Production Control With Conveyorization 


ASS-PRODUCTION methods are applied to a plant mak- 

ing a variety of things by concentrating for a definite 
period on one thing, making a supply for distribution over a 
certain length of time, and then turning the plant's efforts to 
producing another type of product. This paper deals with the 
production control of a partly conveyorized plant of the West- 
inghouse Company where 1500 operators produce certain do- 
mestic and commercial heating devices. (Paper No. MH- 
53-6, by E. M. Olin and W. C. Beattie.) 


Material Handling in Mass Production at the 
General Electric Plant 


ie THIS paper the author describes the conveyor system 
used throughout the various buildings where refrigerators 
ire made by the General Electric Company. Before this in- 
stallation material was handled by tractor-and-trailer trains, 
lift trucks, and gas and electric trucks. The new system has 
climinated congestion, retracing of material routes, delays in 
hedule, spoilage of material, and maintenance and replacement 
f the industrial trucks. The conveyor serves as a traveling 
tockroom, thus releasing floor space for use in manufacturing 
operations. The conveyor system has linked together four 

flerent sections located in 12 separate buildings and main- 
tains a uniform flow of material. (Paper No. MH-53-7, by 
H C. Rundle.) 


Handling Bulk Materials Mechanically 


“HE paper outlines the general characteristics and fields 
of applicability of the numerous types of mechanical han- 
dling and conveying equipment. It also covers the types com- 
monly used for handling such bulk materials as coal, coke, sand 
and gravel, crushed stone, lime, cement, phosphate and fer- 
tilizer, grain, cottonseed, sugar, earth, foundry sand, etc. No 


attempt has been made to cover overhead cranes and hoists, 
crawler and locomotive cranes, and such dock handling equip- 
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ment as bridge tramways, unloading towers, lift-type car 
dumpers, etc., all of which are also used for handling bulk ma- 
terials mechanically. (Paper No. MH-53-8, by William W. 


Sayers.) 


The Industrial-Type Internal-Combustion-Engine Locomotive 


HIS paper seeks to show that the internal-combustion type 

of locomotive can be used to advantage and at a much lower 
operating cost than the steam locomotive for industrial-plant 
use. The electric drive, in combination with gasoline or Diesel 
engines, places the internal-combustion type on a par with the 
steam locomotive as far as mobility is concerned, and ahead of 
the latter type with respect to availability for service, economy 
of operation, safety, visibility, convenience, and general per- 
formance. The electric drive is declared to be better than the 
conventional clutch and gear transmission between engine and 
axle as being better to operate, having more tractive power on 
grades, and in being much easier on the engine. There is 
available a wide range of internal-combustion-type locomo- 
tives using electric drives. (Paper No. MH-53-9, by S. B. 
Schenck.) 


Types of Materials Used in Materials-Handling Equipment 


ATERIALS-HANDLING equipment means to most people 

a conveyor for carrying solids, but the author defines it 
also as a pump for handling liquids or a steel cylinder for trans- 
porting gases. The material used in the construction of such 
equipment must meet a wide variety of conditions. The author 
discusses wood, concrete, glass, rubber, copper, lead, nickel, 
aluminum, and iron and steel. The fundamental research 
initiated within the last ten years by the large steel companies 
furnishes a foundation which few other industries possess for 
the production of many new alloys. (Paper No. MH-53-10, 
by Hervey J. Skinner.) 


Suspended Cables With Large Sags 


HE curve assumed by a cable having its own weight and 

the applied load uniformly distributed over its length 
differs but little from a parabola if the deflection or sag is small; 
but as the actual curve is a catenary, modified more or less by 
the elastic deformation of the cable, the difference between the 
two curves becomes too great to be disregarded when, in the 
case of suspended structures other than suspension bridges, 
the sag exceeds a certain limit. The catenary being an expo- 
nential curve, its solution presents unavoidable difficulties. As 
a means of overcoming these in great measure, the author has 
compiled a table of hyperbolic radians tabulated as angular 
functions, whose use he shows by means of several worked-out 


examples. (Paper No. MH-53-11, by Robert C. Strachan.) 


——— 
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OIL AND GAS POWER 


Heat Recovery From Internal-Combustion Engines 


ITING the heat losses of locomotives and steam turbines, 

the authors aver the internal-combustion engine to be the 
most efficient mechanism for converting heat into useful work; 
yet even in this, two-thirds of the heat is wasted in exhaust 
gases and in cylinder jackets. The need for further heat conser- 
vation is urgent. In considering the recovery of heat from ex 
haust gases of internal-combustion engines, the authors lay 
down seven basic conditions. Adding to these limitations the 
avoidance of back pressure and the provision of a simple way of 
decarbonizing the heating surface, the designing of the ideal 
waste-heat boiler is not a simple matter. The evolution of 
the “‘thimble tube’ boiler after 30 years of experience is de 
scribed, and tables and charts are given which show typical 
examples of heat-recovery tests with internal-combustion en- 
gines of both four-cycle and two-cycle types. The largest 
internal-combustion engines are to be found in marine installa- 
tions, and the authors point out that it is therefore not surpris- 
ing that hitherto there has been more heat recovery practiced 
in such installations than in the case of land services. (Paper 
No. OGP-53-4, by Thos. Clarkson and Wm. Bradford.) 


Dispersion of Sprays in Solid-Injection Oil Engines 


N INVESTIGATING the problem of how to improve atomi- 
zation and dispersion in the solid-injection oil engine, the 
knowledge of the mechanism of spray formation was found to 
be scant. In the researches covered by this paper, it was not 
attempted to develop a spray theory. A few experiments were 
made for the purpose of clearing up which physical forces do or 
do not participate in the atomization and distribution process. 
A large number of charts have been made representing sprays 
under various conditions, these seeming to point to the follow- 
ing general conclusions: Dispersion becomes more even when 
injection pressure is increased, when the oil viscosity is de- 
creased, and when the air density is increased; the cone angle 
increases with increasing oil pressure, increasing air density, 
and decreasing viscosity of oil; a larger percentage of oil reaches 
a given distance in a spray having a slenderer spray cone; no 
definite influence of orifice dimensions was noticeable in using 
cylindrical orifices of the dimensions employed in the tests dis- 
cussed. 

The experimental method described and the procedure of 
evolution employed are easy to apply, and the results give a 
ready means of judging the spray from the point of view of its 
applicability in an engine. It is recommended as a useful tool 
in development work in oil-injection engines, and, the author 
believes, its general adoption is likely to lead to a better under- 
standing of the influence of spray pattern on the performance 
oftheengine. (Paper No. OGP-53-5, by Kalman J. De Juhasz.) 


Experiments on the Flow of Air Through Engine Valves 


HE resistance of air flow through poppet valves has been 

tested experimentally by the authors. The experiments 
which they carried out and describe include flow in both inlet 
and exhaust directions, and the ranges of valve opening and of 
pressure head extend to or beyond the limits which normally 
may be utilized in practice. Individual valves were tested 
variously mounted, and pairs of valves were tested as grouped in 
an actual design. 

The experiments have been extended in an effort to improve 
the flow characteristics of the poppet valve by modification of 
its shape and that of the valve approaches. (Paper No. OGP- 
53-6, by E. S. Dennison, T. C. Kuchler, and D. W. Smith.) 
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Development of the Double-Acting Engine 


 ¢ LESS than a decade there has been development of the 
Diesel double-acting engine into a reliable prime mover. 
Double-acting engines for large-power-plant work are attract- 
ing attention. A committee studying types of equipment for 
the extension of the Copenhagen electric-power station has 
recommended acceptance of a Burmeister & Wain double-acting, 
two-cycle engine of 18,500 bhp, with continuous overload 
capacity of 22,500 bhp. At present the two-cycle type of en- 
gine has forged ahead of the four-cycle design. The steps in 
the development of the double-acting engine are reviewed 
in some detail by the author. (Paper No. OGP-53-7, by Louis 
R Ford.) 


Light-Metal-Alloy Pistons and Rods in High-Speed Industrial 
Engines 

HE speed of oil and gasoline internal-combustion engines 

has been brought into a higher range following the avail- 
ability of improved materials and the necessity of obtaining in- 
creased power output without sacrificing space and weight 
This often makes it necessary to reconsider some points of de- 
sign and to adopt better grades of material to solve the problems 
of higher heat stresses and increase in dynamic bearing loads 
Therefore the piston is sometimes cast of steel in thinner section 
and the cylinder liner is made thinner and is cast of steel to 
reduce thermal stresses. Connecting rods are made of special 
alloy steels and can safely withstand much higher stresses than 
are allowed in plain carbon steel. As a satisfactory means 
of reducing the weight of pistons and rods, the author dis 
cusses the use of aluminum, allowing heavier sections, pre 
serving the rigidity, and removing any thermal difficulties en 
countered in the piston. (Paper No. OGP-53-8, by Benedict J 
Isidin. ) 


The Diesel-Engine Situation Today 


HE first commercially successful Diesel engines were a 

product of American manufacturers, but now large Diesels 
are being built principally in Germany. This country, how 
ever, is making considerable headway in the minuficture of en 
gines up to 1000 bhp per cylinder. The author discusses de 
velopments in atomization, combustion, and supercharging 
He feels that there is now a need for standardization, but it must 
not interfere with progress. (Paper No. OGP-53-9, by Max 
Rotter.) 


The Quiescent Combustion Chamber 


HE term “‘quiescent’’ is originated as describing more ac 

curately than ‘‘non-turbulent’’ the condition of the combus 
tion chamber in some fuel-injection engines at the time of in 
jection of the fuel. Such a combustion chamber is considered 
quiescent if the movement of the air has no appreciable effect on 
the distribution of the fuel to the air with which it must unite 
during the process of combustion. Performance tests of a 
single-cylinder unit furnished the material for the paper, in the 
general program of the National Advisory Committee for 
Aeronautics in investigating the compression-ignition, fuc! 
injection engine as a source of power for aircraft. The simplest 
combustion chamber is the quiescent one, and the simplest 
injection orifice is the round hole; and the main tests were d1 
rected toward obtaining the optimum combination of these tw: 
elements. The discussion neglects entirely the effect of various 
factors on the physical parts of the engine, because in its mor 
than 800 hours of operation there were no failures or replace 
ments of parts due to conditions of operation. (Paper No 
OGP-53-10, by John A. Spanogle.) 
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Faraday and Edison 


To THe Epiror 


On page 942 of the December, 1931, issue of MecHanicat 
ENGINEERING, under the heading ‘Faraday and Edison,"’ 
appears the following statement: 


Crude and obviously untenable as this seems to us now, it was ac- 
cepted without question by every one at that time, and it remained 
for the practical genius of Edison to realize that current generated 
by a dynamo should be consumed as far as possible in the outside 
circuit, where it could do useful work, and not be transformed into 
heat in the interior of the generating machine. From this came the 
early Edison generators with efficiencies of more than 80 per cent, 
that is, far beyond what was then considered the maximum possible 
theoretical efficiency of the machine, and it was only because of the 
availability of these efficient generators that the growth of practical 
applications of the electric current became possible. 


It is not to be wondered at that such a statement might now 
he made by those writing of the electrical art in the times 
referred to, as there are very few of the pioneers left capable 
of giving a proper interpretation of the situation at that time 
Permit me, however, to call attention to the fact that in 
lighting the Avenue de l’'Opera and the Place de l’'Opera in 
Paris in 1878 by Jablochkoff candles, the energy for which was 
generated by Gramme machines, the proper relation of external 
resistance to internal resistance of the Gramme dynamo was 
known to the designers of the Gramme machines at the time, 
is pointed out by E. Hospitalier in an article written by him 
n La Lumitre Electrique of Paris, dated September 15, 1879 
The resistance of the external circuit, as compared with the 
resistance of the armature in these dvnamos, was considerably 
n excess and indicated that the principles were well understood 

Also, in 1878 there was a report of the Committee or the 

ranklin Institute on Dynamo-Electric Machines printed in 
he Journal of the Franklin Institute for May and June, 1878, 
ind on page 31 of this report the following statement appears 

This loss is nearly compensated by the advantage this ma- 
hine possesses over the others of working with a high ex 
ernal, compared with the internal, resistance, this also insur 

g comparative absence of heating in the machine."’ This 

as reference to comparison of a Brush machine with one of 

1¢ Gramme machines 

There was another paper, entitled ‘Circumstances Influencing 
he Efficiency of Dynamo-Electric Machines,"’ read before the 

merican Philosophical Society, November 1, 1878. From 

is paper I quote the following: ‘‘In respect to the relations 
at should exist between the external and internal work of 
namo-electric machines, it will be found that the greatest 


ficiency will, of course, exist where external work is much 
treater than the internal work, and this will be proportionately 
reater as the external resistance is greater. 

The article referred to in La Lumiere Electrique, as above 
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stated, was written by E. Hospitalier, and the subsequent work 
referred to on dynamo-electric machines at Philadelphia in 
1878 and 1879 was participated in by my colleague, Prof. E. J. 
Houston, and myself 


Evinu THOMSON. 
Lynn, Mass. 


(The basis for the statement which Dr. Thomson quotes at 
the beginning of his communication came from the book, 
‘‘Edison—His Life and Inventions,’’ by F. L. Dyer and T. C. 
Martin, published in 1910 by Harper Bros. On page 292 of 
Vol. I, where the subject of the efficiency of electrical generators 
at the time Edison was beginning his work is discussed, it is 
stated that a Commission of the Franklin Institute found that 
a conversion of 38 to 41 per cent of the motive power into 
electricity was the most economical at that time. Dr. Thom- 
son's interesting letter shows, however, that other investigators 
of the time also recognized the fact that the efficiency of a 
dynamo would be greater when its internal resistance was 
lower than that of the external circuit.—Eprror. | 


A 732-Mile Pipe Line 


To THe Eprror: 

In the November, 1931, issue of MecHanicaL ENGINEERING, 
on page 836, there appeared an abstract of a paper of mine on 
the subject “‘A 732-Mile Pipe Line,’’ in which it was stated 
that no details of the process used—the shielded arc—were 
given. I have therefore thought that perhaps it would be well 
at this time to give a brief statement of the principle of the 
shielded arc. 

The shielded-arc process utilizes a heavy coating on the 
outside of an electrode of mild steel of proper specifications. 
This coating, burning in the arc less rapidly than the electrode 
melts, forms in effect a crucible around the arc, protecting it 
for almost its entire length. As the coating burns it gives off 
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the oxidizing gas which prevents oxygen and nitrogen in the 
ambient atmosphere from reacting with the molten metal. 
The shielded-arc process, eliminating oxides and nitrides in 
this manner, gives improved ductility, tensile strength, and 
resistance tocorrosion. By its employment porosity is avoided, 
and the layer of easily removable slag, the residue of the burn- 
ing coating, forms a protection for the hot metal while cool- 
ing. 
A. F. Davis.! 


Cleveland, Ohio. 


1 Vice-President, The Lincoln Electric Company. 
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Education for Industry in Times of 
Depression 


To tHe Epitor: 


To urge the advisability of training more workers at the 
present time when the country is struggling with the problem 
of unemployment may impress some persons as being the 
height of poor judgment. A little thought, however, will 
show that this is not so. Ordinarily, many youths enter em- 
ployment as workers or as apprentices each year in the various 
factories of the country and in the building trades. For two 
years this group has not been recruited by industry because 
of the depression. They are either unemployed, or are working 
on farms, or are making shift at some temporary employment 
until they can be absorbed into the industry in which they are 
really interested. In the meantime the supply of workers 
in the factories and in the building trades is being reduced 
each month by old-age retirements and by deaths. 

The result is that there are. actually fewer mechanics and 
trained men in the country today than there were a year ago, 
and still fewer than there were two years ago. This is true, 
notwithstanding the present surplus of workers. When busi- 
ness recovers and those who now are idle are drawn into em- 
ployment again, it will then be found that a sufficient supply 
of skilled workers is wanting in many lines. The individuals 
will be available, but they will not have been trained unless they 
are encouraged to get such training during this period of general 
underemployment. 

There are two chief factors in this situation: First, many 
of the existing apprentices in industry are working short time 
or have been laid off, and their training retarded or discontinued; 
second, the boys and girls who under normal conditions would 
be recruited as apprentices have not been so recruited. With 
regard to the apprentices already at work part time, or at 
work occasionally, their training should be continued and their 
interest maintained by means at least of the classwork which 
as apprentices they have been taking. Unfortunately, dur- 
ing periods of depression many companies discontinue these 
classes, under the impression that they are not needed because 
the number of apprentices is small. It is very important 
that the classwork normally supplementary to regular shop- 
work be continued during times of depression, in order that 
the apprentices may not lose their interest, and in order that 
they may make as rapid progress as the conditions will permit. 

It is not so easy to attract the second group, that is, the boys 
and girls who have not become apprentices because of the 
prevailing depression and who are either idle, working on farms 
or at other makeshift employment, awaiting a time when 
they can enter the employment in which they hope to find 
their careers. One would think that in periods of depression 
the boy who has not yet entered upon gainful employment 
would feel a greater necessity for profiting by such school 
facilities as exist in his neighborhood than in normal times. 
This, however, is not the case. At such times there appears 
to be a falling off of the students in attendance at evening 
classes of an industrial nature, even in public schools, where 
the training is offered free of charge. Apparently the exis- 
tence in the community of numbers of workers who are skilled 
in their lines but cannot secure employment, deters boys and 
girls who are ambitious to enter such lines from taking the 
necessary training. If they could be reached, they might be 
made to see the wisdom of preparing themselves and main- 
taining their morale under these rather trying circumstances. 
The heads of training programs in plants, in their interviews 
with young men and boys looking for work, could well stress 
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this point. It would undoubtedly make an impression, with 
valuable results in proportion. 

In spite of the now prevailing unemployment, industrial 
executives should be concerning themselves with the future 
supply of skilled workers; they should see to it that every 
effort is made to maintain the training of those apprentices 
that are still employed, and that boys and young men now 
inquiring in regard to employment are advised to obtain the 
kind of training that will prepare them now for such employ- 
ment hereafter. Educational departments, which are fre- 
quently reduced in slack times because of the general necessity 
for cutting the overhead to a minimum, should not be unduly 
impaired. Plans that have been adopted for the training of 
apprentices should not be abandoned, but should be carried 
through as fully as possible, in the certainty that eventually 
these workers will be needed. 

This is written at the suggestion of Prof. R. L. Sackett, chair- 
man of the A.S.M.E. Committee on Education and Training 
for the Industries. 

Joun T. Faic.? 


Rotating Air Cylinders and Adapters 


HE proposed American Standard for Rotating Air Cylinders 
and Adapters has six tables of dimensions for air cylin- 
ders of sizes 3 to 10 in., inclusive, pull and stress data at 100 
lb per sq in. air pressure, dimensions for air-cylinder adapters, 





Air Cylinders 
Sizes 3-Inch to 8-Inch Inclusive 














Table 1 Dimensions 
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All dimensions in inches 
' Note—A tolerance of +.002 is permitted on this diameter 
3 Nore—4 tapped holes 90 deg. apart, National Standard Coarse Thread, Class 3 Fit 
* Notre—Thread to be tapped full depth for length “G” | 
* Nore—Tapped hole in piston rod, National Standard Fine Thread, Class 3 Fit 
5 Nore—Thread to be tapped full depth for length “K”" 
* Note—The end of piston rod is 1 inch from face of cylinder hub at one enc of stroke and I inch plus the length 
stroke from this same face at other end of stroke 
Note—Counterbore \% inch larger than nominal diameter and \@ inch deep 
* Nore—Chamfer corner on diameter “C”, bg inch 


Table 2 Pull and Stress Data at 100 Ib. per sq. in. Air Pressure 








Size Size Pull in Pounds Area of Draw Stress in Total Root Area Stress in. 
of of (100 Ib. per sq. in. | Rod at Root of Draw Rod of 4 Adapter Adapter Screws 
Cylinder | Adapter’ Air Pressure) Thread (sq. in.) | (Ib. per sq. in.) | Screws (sq. in.) | (Ib. per sq. in 
3 A 707 356 1,990 279 2,530 
4% A 1,590 356 4,470 279 5,700 
6 B 2,827 356 7,940 516 5,480 
B 5,026 356 14,120 516 9,740 























' Note—See Table 5, pzge 6 








sizes a, b,c, and d, with a table of sizes of adapter screws and 
tapped holes. One page of the proposed standard is reproduced 
here. Complete copies may be obtained from C. B. LePage, 
Asst. Secy., A.S.M.E., 29 West 39th Street, New York, N. Y 


2 President, Ohio Mechanics Institute, Cincinnati, Ohio. Mem. 
A.S.M.E. Committee on Education and Training for the Industries. 
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IR ALFRED YARROW, shipbuilder, naval engineer, 
philanthropist, and honorary member, A.S.M.E., who 
died at the age of ninety on January 24, 1932, was well 

known for the boiler that bears his name and for the high- 
speed and shallow-draft vessels made at his works on the 
River Clyde. He was born into the age of steam that had 
developed out of the introduction of the engine, the loco- 
motive, and the steamship. Endowed, as his schoolmaster 
said, with ‘‘a talent for engineering and a thirst for affection 

to give and to take,"’ and, as he 
himself once said, with a good 
constitution and a necessity of 
working, he made more profitable 
use of his talents and his oppor- 
tunities than do most men. He 
inherited from his mother an 
ability for affairs unusual in an en- 
gineer, good health, and lon- 
gevity (she lived to be 95), and 
from both his parents a warmth 
of human sympathy and under- 
standing which directed the 
abundant philanthropies made 
possible by his well-earned pros- 
perity. Starting his apprentice 
ship to an engineering firm at the 
age of fifteen, he was more fortu- 
nate than most men in being able 
to crowd into an active three 
quarters of a century an extraordi 
nary list of good works. His 
approach to engineering was a 
strictly practical one; his school 
was the shop and drafting room; 
and no small measure of his suc 
cess lay in the intrepid pioneering 
spirit that gave him courage to 
try newand apparently impossible 
tasks, such as constructing a 
steamship that could be taken 
apart and carried in 50-lb pieces 


SIR ALFRED YARROW, 1842-1932 


offer the same society £100,000 to be used at the discretion of 
its council in promoting scientific research. 

Alfred Fernandez Yarrow was born in London on January 13, 
1842, the son of Edgar and Esther (Lindo) Yarrow. His 
mother was the daughter of Moses Lindo, a Jewish merchant 
who had been in business on the island of St. Thomas, West 
Indies, and for whom Edgar Yarrow worked asa clerk. After 
some schooling, in which he showed an aptitude for mathe- 
matics and science, Alfred Yarrow, at the age of 15, was 
apprenticed for a period of 5 
years to Messrs. Ravenhill, ma- 
rine engineers, builders of marine 
engines. During his apprentice- 
ship his spare time was spent in 
shops, in attendance at engineer- 
ing meetings and lectures (Fara- 
day was demonstrating new- 
found scientific principles before 
large audiences during these 
years), and in working at home. 
Inventive ability, which had 
manifested itself in childhood 
and sometimes led to mischie- 
vous pranks, found expression 
before the lad was twenty in two 
devices that were developed in 
cooperation with his chum, 
James Hilditch: an improved 
method for steam plowing, and 
a steam-propelled road carriage, 
both of which were taken over 
by others on a royalty basis; 
and also gave rise to the building 
of the steam yacht Isés, the first 
of the long line of vessels that 
the famous shipbuilder was to 
produce. 

It was the success that at- 
tended the building of the Isés 
that finally encouraged Yarrow 
to undertake the building of 





through 60 miles of African jun- 
gle, and vision to seek through 
research the necessary data upon which to base new develop- 
ments. His specialties, shallow-draft steam yachts, mostly 
used on rivers in undeveloped countries, and high-speed vessels 
for the British and other navies, demanded pioneering and 
research methods, for almost every ship was constructed for 

unusual purpose, or to travel at a hitherto unattained 
speed. It was characteristic of him that he should have been 
the first to set up and operate a privately owned telegraph in 
London; that, when less than twenty, he should have con- 
structed a steam-propelled road vehicle which, on its noc- 
turnal travels between Greenwich and Bromley at twenty- 
five miles an hour, had the misfortune to cause a horse to shy, 
a mounted policeman to break his leg, and an aroused parlia- 
ment to pass a bill prohibiting the use of steam upon the road, 
unless the carriage were preceded by a man carrying a flag; 
and it was equally characteristic of this same spirit of progress 
that he should donate £20,000 to the Royal Society in 1911 
lor an experimental tank for shipbuilders at the National 
Physical Laboratory at Teddington; and later, in 1923, to 
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small yachts. Ravenhill had 
held out small inducement for the 
ambitious boy, and finding a partner and a site for a shop 
at Poplar, on the Isle of Dogs in the River Thames, the first 
works with a sign bearing the name Yarrow & Hedley, Engi- 
neers, was started. In 1868, after advertising his ability to 
build steam launches, Yarrow received his first order, a 24-ft 
steam launch for Colonel Halpin, and thereby established a 
profitable business. Differences between Yarrow and Hedley 
terminated the partnership in 1875. Up to that time 350 
steam launches had been built. Having bought out Hedley, 
Yarrow continued the shipbuilding business with rapidly 
growing success to the day of his death, moving his works to 
Scotstoun, on the Clyde, in 1906. 

An impressive list of steam launches have come out of the 
Yarrow Works. An unusual problem in shipbuilding was 
successfully solved in the construction of the 55-ft I/ala, 
launched in 1875 on Lake Nyassa, Africa. It had been de- 
signed so that no piece weighed more than 50 lb, and was bolted 
rather than riveted together. After a trip up the Zambesi 
and Shiré rivers, it was taken apart and carried 60 miles through 
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the jungle and reassembled without loss or injury of a single 
part. 

Between 1877 and 1879 Yarrow, who was specializing in the 
newly conceived torpedo boat, arranged first for spar torpedoes 
and subsequently for self-propelled Whiteheads, built torpedo 
launches for the Argentine, Dutch, French, Russian, Spanish, 
Austrian, Italian, and Chilean governments. The British 
Admiralty Torpedo Boat No. 425, built to a guarantee of 18 
knots, actually realized 21.9 knots, and led Yarrow into some 
interesting and valuable experiments on 25 propellers. His 
first ocean-going torpedo boat, the Batoom, built in 1880, 
made 22 knots. By 1892 these smaller craft had developed 
into the destroyer class, of which the Havock and Hornet, 
180 ft long and developing 4000 hp, were conspicuous examples. 
The Havock had the usual locomotive type of boiler and made 
26.1 knots, but in the Hornet had been placed the new Yarrow 
water-tube boiler. With 11 tons less weight, the Hornet 
made 27.3 knots. Speed was raised again by the Russian 
yacht Sokol, holding a record of 30 knots, and, in 1899, by the 
Japanese destroyer Sazanami, 220 ft long, 6000 hp, which 
made 31 to 32 knots. 

In 1910 Yarrow convinced Lord Jellicoe and subsequently 
Lord Churchill that, in view of developments elsewhere, the 
27-knot destroyer class should be replaced by ships of greater 
speed and the Firedrake, Lurcher, and Oak were built, the Larcher 
attaining a speed of 35.345 knots. 

The Yarrow boiler, familiar to all engineers, was developed 
between 1877 and 1887. 

With the coming of the World War, Yarrow’s speedy de- 
stroyers gave valiant aid to the British Navy. Twenty-nine 
of these ships were built from August 4, 1914, to November 11, 
1918, and with the success of the Tigris flotilla, brought 
Yarrow the baronetcy shortly after. Of these vessels the Tyrian 
made 40 knots. 

No less famous than the torpedo boats and destroyers were 
numerous shallow-draft steamers built by Yarrow. In addi- 
tion to the I/ala, a ship of a special sectional construction was 
built in which Stanley explored the Congo in 1883. The 
sections could be carried on a steamer and lowered over the 
ship's side and assembled afloat, and could be carried overland 
on specially provided carriages. For navigating the upper 
Nile four boats were built in 1874. Of these no part weighed 
more than a camel could carry. They were driven by means 
of a stern wheel. In a fruitless attempt to save Gordon at 
Khartoum, two shallow-draft gunboats, the Lotus and the 
Waterlily were built in 1884. In 1897 a Nile expedition under 
Lord Kitchener used the Shetk, a 24-in.-draft gunboat with its 
screws in a tunnel and provided with the Yarrow hinged 
flap that subsequently became a feature of the ships of the 
Tigris Flotilla. For use on the Yangtze Kiang, in 1903, 
the gunboat Widgeon, 160 ft long and of 27 in. draft, was de- 
signed. 

Sir Alfred was married in 1875 to Minnie Franklin, who died 
in 1922. Six children were the result of this union: Harold 
Edgar, now managing director of the Yarrow & Company, 
Glasgow, who succeeds to the baronetcy; Norman Alfred, 
managing director, Yarrows, Ltd., Victoria, B. C.; and Eric, 
killed at Ypres; and three daughters. Sir Alfred's second 
wife, who survives him, is Eleanor Barnes, author of ‘‘Alfred 
Yarrow, His Life and Work.”’ 

Sir Alfred was elected an honorary member of the A.S.M.E. in 
1914. He had been a member of the Institution of Civil 
Engineers since 1869 and a member of its council, of the Insti- 
tution of Mechanical Engineers since 1889, and of the Naval 
Architects and Marine Engineers, which latter society he 
served as vice-president in 1896. 
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Max E. R. Toltz 
1857-1932 
AX E. R. TOLTZ, whose 


death occurred at his 

home in St. Paul, Minn., on 
January 11, 1932, was born at 
Koeslin, Germany, on Septem- 
ber 2, 1857, the son of Hermann 
and Malvine (Beilfuss) Toltz 
He attended the Royal Gym 
nasium at Koeslin and the 
Royal Polytechnikum in Berlin, 
receiving a civil engineering de 
gree in 1878. Ramsey Institute 
of Technology, St. Paul, con 
ferred the degree of Doctor of 
Engineering upon him in 1924 
Major Toltz served a short 
apprenticeship with a_ Berlin 
firm dealing in pumps and 
water-works equipment, and 





MAX E. R. TOLTZ 


was connected with the Prussian 
Government as assistant engineer until he came to the United 
States in 1882. He became a citizen in 1889. 

During the first twenty-five years in the United States Major 
Toltz was active in the development of railroads, especially in 
the Northwest. He was connected with the St. Paul, Min 
neapolis & Manitoba, later the Great Northern Railway, from 
1882 to 1904, being promoted through various positions from 
draftsman to mechanical engineer in charge of motive power 
During the next three years he was consulting mechanical 
engineer at the Angus shops in Montreal and at the Winnipeg 
shops of the Canadian Pacific Railway, and at the Jersey City 
shops of the Erie Railroad. He also held the position of vice 
president and general manager of the Manistee & Grand Rapids 
Railroad. 

Major Toltz had devoted himself entirely to consulting work 
since 1907. During the first three years of that time he was 
engaged in special work on electrification for the Great North 
ern, Northern Pacific, Butte, Anaconda & Pacific, and Chicago, 
Milwaukee & St. Paul railroads, and on ore docks for the 
Great Northern, Northern Pacific, and Soo lines. In 1910 he 
organized the Toltz Engineering Company, St. Paul, and was 
president of it and of its successor, Toltz, King & Day, Inc 
formed in 1918, until his retirement from active business 11 
1928. He specialized in labor-saving machinery, hydroelectric 
and steam power, grain elevators, and docks, and held patents 
on steam superheaters, car lighting, and iron-ore docks. He 
had contributed a number of papers to the technical societies 
of which he was a member and to the technical press. Thes¢ 
dealt with highly superheated steam and its applications, the 
distillation of peat coke, compressed acetylene gas, and other 
subjects in his field. 

During the World War Major Toltz, who had been a capta: 
in the Minnesota National Guard for many years, received his 
commission as a major in the Construction Division of ¢! 
Quartermaster Corps. He supervised the construction 0! 
General Hospital No. 2 at Ft. McHenry, Baltimore, Md. 

Major Toltz gave much of his time and ability to the ac 
vancement of the engineering profession. He was a valuci 
member of the St. Paul Chapter of the American Interprot: 
sional Institute, also a director of its national board. He w 
a past vice-president of the American Society of Civil Engineers 
and a member of the American Institute of Electrical Enginec: 
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the American Railway Master Mechanics Association, and 
the American Society of Military Engineers. He had served as 
president of both the Engineering Society of St. Paul and the 
Federation of Architectural and Engineering Societies of Minne- 
sota. He was a member of the Verein deutscher Ingenieure. 

Major Toltz became a member of the A.S.M.E. in 1904. 
He was a manager of the Society from 1914 to 1917, and a 
vice-president during the next two years. He was one of the 
organizers and the first chairman of the Local Section at St. 
Paul, and was a member of its executive committee at the time 
of his death. He was also serving on the 1932 Nominating 
Committee of the Society and on the Committee on Awards. 
In 1925 he established a fund of $15,000, the income of which 
was to be used for loans to students of engineering, under the 
administration of the A.S.M.E. In his will he has provided 
similar funds to be administered by the American Society of 
Civil Engineers and the American Institute of Electrical 
Engineers. 

Among other organizations to which Major Toltz belonged 
were the St. Paul Engineers’ Club, the Minnesota and Uni 
versity Clubs, and the Masonic fraternity. He was an honorary 
member of Pi Tau Sigma, honorary mechanical engineering 
fraternity. He was a Christian Scientist, and made bequests 
to several of its churches and other organizations. 

Major Toltz is survived by his widow, Mrs. Elizabeth 

Argue) Toltz, whom he married in 1919, and by three grand 
children through a former marriage 


Viscount E1-Ichi Shibusawa 
1840-1932 


APAN'S ‘‘grand old man,’’ Viscount E1-ichi Shibusawa, 

died November 11, 1931. He was 91 years old. One 
of America’s earliest and most steadfast friends in Japan, he 
was called the ‘“‘people’s foreign minister’’ because of the 
trips he made to the United States, particularly when Japan's 
immigration question was under discussion. For years he 
was the nation’s leading banker, merchant, industrialist, and 
mine owner, and one of the founders of Japan's modern busi- 
ness system. His power at home was exceeded only by that 
‘t the royal family. 

Viscount Shibusawa's friendship for the United States was 
apparent as early as 1861 when, at a time when the intentions 
1 foreigners were seriously misunderstood in Japan, he stood 
guard with others night and day before the residence of Town- 
send Harris, the first Consul General of America in Japan. 

Those were turbulent days in Japan, for among its people 
vere many who bitterly censured the Shogunate for alleged 
blunders in the conduct of diplomatic affairs and who nursed 
ntense hatred toward foreigners, and frequently resorted to 
violence. In January, 1861, Henry C. J. Heuskin, Mr. Harris’ 
valued associate, was assassinated by rowdies. All the foreign 
ministers then in Japan, with the exception of Mr. Harris, 
blamed the Shogunate for its incompetency to protect them, 
and closed their legations and withdrew. Mr. Harris did not 
approve of this step and remained to attend to his duties. It 
was then that the guard was placed before his residence. 
Commenting on this action later, Viscount Shibusawa wrote: 

The courageous and magnanimous attitude taken by Mr. 
Harris on this critical occasion made a strong appeal to the 
imagination, of our people, who were now convinced of the 
genuineness of his sentiment toward them, and who from that 
moment began to put trust in America as a true friend of 


Japan.” 
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His regard for the United States is revealed by the fact that 
he headed many of the Empire's delegations to American 
shores in the interests of friendship and economic exchange 
between the two nations. He was president of the American 
Relations Committee of Japan, and later became chairman of 
the American-Japan Society of Tokyo, similar to the organiza 
tions in the United States 

Viscount Shibusawa was made an honorary member of The 
American Society of Mechanical Engineers in 1929 during the 
visit of the American engineers to the World Engineering 
Congress at Tokyo. This was in recognition of the important 
part he had played in the industrial and economic development 
of the Japanese nation, his efforts toward the promotion of world 
understanding, and his support of and interest in physical 
and chemical laboratories and in all branches of engineering 
in Japan 

Even after he had reached an advanced age, Viscount Shi- 
busawa continued his world travels, the last of his several visits 
to the United States being made in 1921 at the age of 81 
Even then, though he had retired from many of his business 
connections, he was most active, rising at six or seven in the 
morning and working from twelve to fifteen hours a day. 
During his life he was president of more than seventy corpora- 
tions, and for nearly three-quarters ofa century was a trusted 
adviser of successive Japanese governments. 

Viscount Shibusawa was born February 13, 1840, the son 
of an indigo merchant, in a small village near Edo, the present 
city of Tokyo. In his boyhood he received a thorough educa- 
tion in the Chinese classics and learned the art of the sword 
from the masterful Chiba. Going to Kyoto, then the capital, 
he entered the service of Lord Hitotsubashi, member of an 
influential branch of the Shogunate Tokugawa family. In 
1867, a year before the downfall of the Shogunate, he was sent 
to France with Lord Bimbu, a brother of the reigning Shogun. 
When the Imperial Government was established in 1869 he 
was made a vice-minister in the Finance Department. Three 
years later he left the government service and began his great 
business career. One of his first acts was to establish the 
First National Bank, the pioneer national bank in Japan. 
He helped to found the Tokyo Chamber of Commerce, the 
Tokyo Bankers’ Association, the Bankers’ Clearing House, 
the Tokyo Stock Exchange, the Tokyo Marine Insurance 
Company, the great maritime firm Nippon Yusen Kaisha, and 
scores of other businesses of world-wide influence. 

He was a leading figure in the organization of the Japan 
Mail Line and in the expansion of the nation’s maritime 
efforts. The develc, nent of the cotton-spinning industry in 
Japan is largely due to his initiative, as well as other manu- 
facturing enterprises such as silk weaving, hemp and rope 
mills, concrete plants, sugar refining, and affiliated projects 
of this modern age. In cooperation with government authori- 
ties he acted to improve Japan's natural production and re- 
sources by reclamation work and harbor construction, by 
improving agriculture to increase returns, and through the 
medium of introducing artificial fertilizers and high-grade 
cattle and stock breeding. 

Early in the Meiji era, feeling that Japan's younger genera- 
tion needed more facilities for commercial education, Viscount 
Shibusawa established a training school which became the 
forerunner of the present Tokyo Higher Commercial College. 
In charity movements his name almost always led all the rest. 
He was a leader in the establishment of the Tokyo Poor House 
and other charitable organizations. His promotion to the 
peerage in 1900 was in consideration of the immense service he 
had rendered to the country’s commercial and industrial 
development, as well as to the cause of public welfare. 
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THE CARS OF 1932 


Things Seen at the Recent National Automobile Show in New York 


HIS year's exposition at the Grand Central Palace, New 

York, marked an important departure of the automobile 

industry from certain ideas held only a very few years 
ago. Of late the impression has been general among auto- 
mobile engineers and leaders of manufacturing in that industry 
that the public now takes the engine and mechanism largely 
for granted, and bases its preference when buying cars on color, 
upholstery, beauty of line, and, as one man rather cynically ex- 
pressed it, the allowance made for the old bus traded in at the 
time of purchase. 

This year, however, the show was signalized by the marked 
attention given to mechanism, excellently illustrated by the 
presence of lecturers at several of the exhibits telling the 
public about the delights of automatic clutches and the mys- 
teries of free wheeling. 


FREE WHEELING 


From a mechanical point of view the automobile of today is 
rapidly breaking its traditional connection with the car of 
yesterday. 

Free wheeling, which was introduced for the first time into 
the American automobile market last year, has spread like 
wild-fire, until now it is used by practically every company— 
with the exception, however, of one large manufacturer of a 
popular low-priced car, which is not surprising in view of the 
great advantages which this device possesses, and several 
interesting modifications were exhibited. The employment 
of free wheeling has led to a further development—that of the 
automatic clutch—with the result that gear shifting has lost 
most of its terrors, especially for the novice in driving. In this 
connection reference may be made to another device which 
thus far has been introduced only on a small scale on buses, 
and that is the backslide lock, a contrivance that prevents a 
car from sliding backward unless the gear shift is in reverse. 
The convenience of such a device will be appreciated in starting 
a car up a hill, especially by those who have not acquired the 
knack of coordinating the brake and the clutch. Another nov- 
elty which seems to be finding favor with the automobile 
manufacturers is the so-called ride control, likewise for the 
first time introduced on an American car last year. By means 
of this device, which is actuated by a slight movement of a 
handle, the rigidity of hydraulic shock absorbers can be 
modified, with the result that their action can be adapted to 
the kind of the road over which the car is traveling. 


OIL TEMPERATURE CONTROL 


Oil temperature control is likewise being more widely used. 
Last year it was shown on but one make of car, while this year 
it appeared, in approximately the same design, on two other 
cars and a truck. In all of these the temperature control 
has been achieved by means of a discrete heat exchanger located 
at the engine block in which a stream of jacket water is passed 
over the lubricating oil. Another company claims to have 
achieved the same result by extending the water cooling to the 
bottom of the cylinder block and thus affecting the oil tempera- 
ture. 

Several other improvements have been brought out. One 
car is provided with means for changing the gear ratio on the 


rear axle, thus making it possible to conform the operation of 
the car to the kind of terrain—flat or hilly. The use of rubber 
mountings to eliminate the transmission of engine vibration 
to the chassis is likewise extending. This matter of vibration, 
it may be mentioned, is receiving more and more concentrated 
attention, the idea being to make the body as silent as possible. 
Until very recently there were so many other noises made by an 
automobile that the usual squeaks and groanings of the body 
did not attract attention. Today, however, the average 
engine runs so silently that other noises stand out. One of the 
sources of automobile noise and trouble is being now elimi 
nated by a number of builders through the use of the silent 
second speed and synchromesh transmissions. These, together 
with free wheeling and automatic clutches, make it possible 
to shift gears at practically any speed, and form a valuable 
feature generally, and particularly when driving down steep 
and dangerous hills. On the other hand, the four-speed for 
ward drive, which for a while seemed to bear promise of great 
expansion, did not show up conspicuously this year. 


STREAMLINING 


An interesting exhibit was made by the Reo Motor Car 
Company, which showed two models of automobiles, a con 
ventional car, and a specially developed one, located in an air 
stream from a powerful fan. Tiny streamers showed the flow 
of air around the bodies—very smooth in the case of the 
specially designed car and highly turbulent in that of the 
conventional model. It has been stated that the new body 
shape was developed at the Aerodynamic Laboratories of the 
University of Michigan, which also did similar work for the 
Lincoln car. The statement was orally made at the show that 
at 70 mph the use of the new body results in a power saving of 
some 18 per cent. The same tests resulted in the development 
of a special shape of fender following what is known in aerody 
namics as the tear-drop shape. Another modification of fender 
shape is provided by the Graham car, on which the fenders 
come well down over the wheels, covering the chassis, and differ 
somewhat from the conventional shape. The wheels them 
selves have been set two inches farther apart. 

The supercharging device on the Franklin air-cooled car 
consists of a conduit which delivers some of the air from the 
engine-cooling fan to the carburetor at a pressure higher than 
atmospheric. 

Those who are willing to write a fat check for a car of the 
utmost power and luxury have a wide range from which to 
choose, from the 265-hp Dusenberg priced at $16,500 to the 
12's and 16’s shown by Cadillac, Marmon, Lincoln, and 
Pierce-Arrow. All the cars shown, however, offer more pow 
erful engines and greater possibilities of speed and comfort, 
and several provide as optional equipment high-compression 
heads which make it possible to develop a greater amount o! 
power than the standard design with ordinary gasoline unmixed 
with special anti-detonants. 

From an engineering point of view the show was very 1m 
pressive, particularly in that it signified a return to the idea 
that the mechanical operating features of an+ automobile 
are as a Sales point superior to a fortunate selection of color 
scheme and decorative gadgets. 
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America’s Answer to the Russian 
Challenge 


America’s ANswer TO THE RussIAN CHALLENGE. By Robert Sibley. 
The Farallon Press, San Francisco, Calif., 1931. Cloth, 63/4, X 10 
in., 172 pp., illus., $5. 


HIS beautifully printed book has for its theme world power, 

and for its moral, world-power trend. Its author was one 
of many engineers who attended the World Power Conference 
in Berlin in 1930. The significance of this conference, and the 
testimony which its participants brought forward in praise of 
electrical power as a great force for civilization, are set forth 
in the first part of Mr. Sibley’s book. A statement attributed 
to Lenin—*‘Communism is Sovietism plus electrification’’ 
is quoted. It is shown how Western Europe might be covered 
by a gigantic network of electric transmission lines connecting 
its Most important sources of power. This network, proposed 
by European engineers at the conference, would pass over 
national boundaries, and bring to the countries thus connected 
the advantages of participating in a generating and distributing 
system into which they might all pour whatever excess energy 
might be called for and from which they might draw their 
equirements whenever it became economical to do so. Such 
a network will be of economic and social advantage only as 
international good-will and mutual understanding exist. 
Electric power, says Mr. Sibley, thus emerges as a new common 
denominator among men, and Lenin's saying may be para- 
phrased to read, “‘Good-will plus electricity means World 
Peace.’ 

Much had been heard at the Conference about the great 
electrical development at Dnieprostroy, built by an American 
engineer, and destined to develop 750,000 hp. From the 
Conference Mr. Sibley passed over into Russia and inspected 
this project. Six chapters, about 40 pages, are devoted to 
observations on the Russian experience. Mr. Sibley was not 
impressed by seeing sixteen thousand Russian workmen ac- 
complish what five thousand American workers might have 
done without any more physical strain, and he comes to the 
conclusion that Dnieprostroy is great because it stands alone. 
In America or elsewhere it would be a giant among giants and 
its importance relatively dwarfed. 

So Mr. Sibley returned to America with the warning that 
electrification was to be a decisive element in the success of the 
five-year plan, and found in the country of his birth, and 
particularly in his home state, California, ample evidence that 
electrification had accomplished such benefits for the people 
of the United States as Lenin had hoped would be accomplished 


by it for Communism. The future of ‘Electrified California’’ 
constitutes the second part of Mr. Sibley’s book, which sets 
forth ‘‘the goal before the world in general and Russia in 
particular.”’ 

Part 3 contains America’s answer. Measured by the elec- 
trification yardstick, Russia, says Mr. Sibley, will be far from 
overtaking the American program. He feels that there has 
been driven out of Russia much that is highly prized else- 
where—the church, freedom, individualism—and without 
which he doubts she will prevail. And it all comes down to 
this: ‘‘If the ultimate and final awakening of Soviet Russia 
is ever brought about, she will find herself... to all intents 
and purposes American to the core in education, in ideals of 
home, and above all, in the burning desire to press forward 
under the undying urge of the highest type of individual 
initiative. 

Mr. Sibley’s book contains five excellent appendices; some 
details of the 5-year plan relating to electrification; America’s 
world status in the use of electric power; power resources of 
the world; Sir Arthur Eddington’s World Power Conference 
paper on ‘‘Subatomic Energy;"’ and the address made by Albert 
Einstein at the same conference on “‘Space-Field and Ether 
Problems in Physics."’—G. A. § 


Hydrodynamics and Aerodynamics 


Hypro- unp AgropyNnamik (Handbuch der Experimentalphysik 
Vol. IV), edited by Professor L. Schiller, Leipzig. Part 1, Strém- 
ungslehre und Allgemeine Versuchstechnik (The Study of Flow and 
General Methods of Experiment). Published by Akademische 
Verlagsgesellschaft m.b.H., Leipzig, 1931. Cloth, 63/4 X 91/2 in., 
730 pp., 431 figs., 68 marks. 


REVIEWED BY STARR Truscott! 


HE third part of this fourth volume of the ‘‘Handbuch"’ of 

Experimental Physics? was devoted to the technical appli- 
cations of hydro and aerodynamics, and comprised also de- 
tailed discussions of the research and experimental work which 
may be carried on in that field. We now have the first part 
of the volume with a series of discussions of the experimental! 
methods to be used in the study of those parts of the funda- 
mentals of the subject which may be included under the general 
term of the phenomena of flow. Naturally the experimental 
methods are discussed in parallel with the mathematical 
theories which apply. 





1 Aeronautical Engineer, National Advisory Committee for Aero- 
nautics, Hampton, Va. 
2 Reviewed by the present writer in MecuanicaL ENGINEERING, 


April, 1931, p. 319. 
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Like the part previously issued, the present one consists of a 
series of articles, or major sections, on different phases of the 
general subject. In the table of contents the title of each sec- 
tion, or article, is listed, and under each title the subject of 
each chapter and paragraph is given. The part of the table 
relating to each article is repeated at the beginning of the 
article. 

There is no bibliography as such, all references being given 
as footnotes on the pages where they are mentioned. How- 
ever, the same care has been shown in the preparation of the 
index by names and another by subjects as in the earlier volume 
Complete indexes to all three parts of this volume are promised 
for Part 2 when issued. 

In Part 2 are to be considered the problems of resistance and 
related phenomena. This assurance helps one to understand 
why references to frictional drag and resistance in general are 
relatively few in the present section of the work. But for this 
information one might feel that disproportionate emphasis 
was being given to special types of flow, such as that around a 
sphere. 

About half of the authors of the eleven major sections into 
which the work is divided place “‘Géttingen’’ after their 
names. This may give undue emphasis to the ideas of the 
“Géttingen School,’’ but it certainly has led to well-related 
treatment of the subjects of the different articles. 

The first section, very appropriately, is by Dr. Prandtl, and 
is an introduction to the fundamentals of the theory of flow 
Within its 40 pages the author passes swiftly over the whole 
field, touching on some point of almost every one of the suc 
ceeding articles and showing it as a fundamental part of the 
general subject and related to the whole. The clearness and 
simplicity of this section make it one to be remembered with 
the greatest pleasure. 

The second section, of about 200 pages, is a review of classi- 
cal hydrodynamics by H. Falkenhagen, of K6ln. The first 
chapter of this section takes up the dynamics and kinematics 
of fluids, and the second, the dynamics of special states of flow 
The first chapter follows quite conventional lines in summariz- 
ing the mathematical treatment of its subject with the various 
equations and expressions which have been derived to express 
the relations between the quantities of interest in a flow. 

In the second chapter particular attention is paid to vortex 
theories, potential flows, and flow around spheres and airfoils 
Three particularly interesting subsections or paragraphs by 
H. Schmiedel, of Leipzig, are included in this chapter. One 
is devoted to experiments with pulsating and oscillating 
spheres, following a theoretical study of the subject as an ex 
ample of potential flow. This recalls the delightful demon 
strations of some of these phenomena given by Dr. Bjerknes in 
Washington some years ago. The second discusses experi- 
ments with vortex rings and includes many data in a brief 
compass. The last follows the theoretical consideration of 
Karman’s ‘Vortex Street’’ by a discussion of experimental 
methods, and thus makes the consideration of this subject 
much more complete. 

The third section, by W. Tollmien, of Gottingen, comprises 
about 50 pages and is devoted to the theory of the boundary 
layer. The boundary-layer equations are first derived accord 
ing to the method devised by Prandtl, and in subsequent 
chapters the discussion is carried on to stationary and moving 
boundary layers. 

The succeeding section, on turbulent flow, is also by Toll 
mien, and includes among other subjects those of the structure 
of turbulent flow, equations for its mean value, and the surface 
friction of turbulent flow. There is frequent reference to the 
earlier section in this and the preceding one. The experimental 
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point of view becomes more prominent in this section than in 
the two preceding ones. 

The section on gaseous dynamics, by A. Busemann, Gottin 
gen, is an important one, occupying about 120 pages, and is di 
vided into six subsections or chapters. These deal, respectively, 
with the theory of gaseous dynamics, flow in pipes, nozzles 
and diffusers, plane flow, measurements in wind tunnels, and 
moving bodies. With this section the experimental side of 
the subject assumes the dominant position. The experimental 
approach and the results obtained therefor are brought clearly 
into the mind of the reader. The arrangement and use of vari- 
ous devices employed in the experimental work are described 
and illustrated, such as the “‘Schlieren"’ apparatus for studying 
high-velocity flow, and high-speed wind tunnels for generating 
the high-velocity flow. 

The section on cavitation, by J. Ackeret, of Zurich, is rela 
tively short and condensed. It consists of only 20 pages and 
begins with a general consideration of the problem. Some 
of the splendid cavitation pictures obtained by the author 
in his own work at Gottingen are shown in connection with 
the experimental study, while a discussion of the mechanics of 
corrosion due to cavitation forms the closing chapter. 

The subject of pressure measurements is divided between 
two sections of about 20 and 35 pages, respectively. In the 
first, by H. Peters, of Géttingen, we find a discussion of the 
methods of constructing and arranging equipment which will 
develop the correct pressures at the points under investigation, 
while the second, devoted to micromanometers, by A. Betz, 
of Gottingen also, discusses the various instruments to be 
used to indicate the pressure after suitable connection between 
the pressure-receiving apparatus and pressure-indicating device 
has been made. 

The section on the measurement of the velocity and volume 
of fluids, by H. Mueller and H. Peters, of Gottingen, occupies 
about a hundred pages. It begins with descriptions of methods 
for using floats and pilot balloons to determine velocities, and 
ends with chemical methods for determining volumes. Be 
tween these paragraphs there are passed in review and illus 
trated practically all of the available devices for both purposes 
Different types of current meters, anemometers, and the like 
are shown. The venturi meter is described and illustrated 
together with devices using calibrated nozzles and throttling 
orifices. Curves showing the characteristics of these devices 
are included. Weirs and devices for measuring water by 
weighing are followed by gasometers and by gas meters. I! 
a relatively short space the author has made available the most 
needed data regarding a whole category of equipment 

The succeeding chapter, on hot-wire measurements, by J. M 
Burgers, of Delft, was completed, according to a note by 
author, in April, 1928. Since that date the work of Drs 
Dryden and Kuethe, published in Technical Reports Nos 
320 and 342 of the National Advisory Committee for Acro 
nautics, had added much to the accuracy of this type of equi 
ment. However, the principles and general types of constru 
tion are well described, while the literature of the subject 
given such extensive reference that the 30 pages of the art! 
have nearly 60 references. 

The last section, by O. Tietjens, of the Westinghouse Elect: 
and Manufacturing Company, Pittsburgh, Pa., is entitl 
“Observation of Flow Patterns.’’ Possibly a better idea of the 
contents and a more truthful rendering of the original thought 
might be given if it were called ‘‘Methods for the Visualizati 
of Flow.’’ Here are described in brief but adequate manner the 
difficulties attendant on making apparent to the eye the pacis 
in which the particles of a fluid move in any change from 4 
simple ‘‘parallel’’ flow. As is explained, this requires resor! 
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to photography. Methods are described and illustrated in 
which camera, fluid, and disturbing object are moved together, 
or separately, in various manners, and in which two-dimen- 
sional or three-dimensional flow is observed and recorded 
A generous number of flow patterns obtained in different ways 
are shown. The section concludes with a brief discussion of 
the photographic factors of background, films, and printing 
papers. 

This part of the fourth volume of the ‘‘Handbuch”’ contains 
much of the theoretical and mathematical treatment of its 
subjects, but the emphasis on the experimental side is strong 
and sustained throughout. Although somewhat condensed, 
the language is uniforthly clear and explicit. The book will 
prove of great value to any who have to do with the experi- 
mental study of the subjects which it covers. 


Books Received in the Library 


ArcHIV FUR TrecHNIscHES Messen, ATM, EIN SAMMELWERK FUR DIE 
GESAMTE MesstecHNik. Edited by G. Keinath. Munich and 
Berlin, R. Oldenbourg. Lieferung 1, 2, 3, July, August, Septem- 
ber, 1931. Paper, 8 X 12 in., illus., diagrams, charts, tables, 
2 r.m. each. 

These are the first numbers of an encyclopedia of measuring 
instruments and methods, which is to be published in parts 
over a period of five years, and aims to provide a convenient, 
up-to-date reference work for engineers, chemists, and physi- 
cists. The articles are so arranged that they may be classified 
in loose-leaf binders, a decimal classification being provided 
for each article. The work aims to bring together the ma- 
terial in this field which now is scattered through many publi- 
cations. 


Aviation Enoines. By R. F. Kuns. American Technical Society, 
Chicago, 1931. Cloth, 6 X 9 in., 198 pp., illus., diagrams, charts, 
tables, $2. 

The characteristics, operation, and maintenance of a number 
of typical modern engines are described in the book, which 
is intended for the airplane-engine mechanic. The treat- 
ment is concise and practical 


BaLaNcING oF Macninery. By C. N. Fletcher. Emmort & Co., 
London, 1931. Cloth, 6 X 9 in., 172 pp., illus., diagrams, charts, 
tables, 10s. 6d 

The balancing of high-speed machinery is here discussed 
from the point of view of the production engineer, not from 
that of designer. The book summarizes the factors that affect 
balance, describes the better-known apparatus for detecting 
unbalance, and the methods and calculations involved in 
correcting bodies that are shown by this apparatus to require 
it. The treatment is entirely a practical one. 


Construction Mécanique. By J. Izart. Slst edition. Dunod, Paris, 
1932. Leather, 4 X 6 in., 494 pp., illus., diagrams, charts, tables, 
20 fr 
A concise pocket-book for mechanical engineers, contain- 
ing formulas, tables, and information on mechanics, machine 
tools, transmission, hoisting apparatus, and similar subjects 
which is frequently wanted in practice 


DARSTELLUNG DER GESAMTEN SCHWEISSTECHNIK. By P. Bardtke. 2nd 
edition. V.D.I.-Verlag, Berlin, 1931. Cloth, 6 X 8 in., 275 pp., 
illus., diagrams, charts, tables, 12.50 r.m. 

A concise, yet comprehensive survey of methods of welding, 
welding appliances, welding practice, testing methods, etc. 
The entire field is covered in simple, practical fashion, the 
book being adapted to use as a textbook and as a convenient 
work of reference. 
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DynamiscHE UNTERSUCHUNGEN DES FRAsVoRGANGES. (Berichte iiber 
betriebswissenschaftliche Arbeiten, Band 7.) By F. Eisele. 
V.D.1.-Verlag, Berlin, 1931. Paper, 8 X 12 in., 41 pp., illus., 
diagrams, charts, tables, 11 r.m. 

A study of the causes of ‘‘chatter’’ of milling cutters and of 
methods for its prevention. Testing apparatus and tests are 
described by which the kind, magnitude, and time sequence 
of the fluctuations in cutting pressure, which cause chatter 
were measured. The results of tests upon different materials 
at various feeds, cutting speeds, and cutting depths are given, 
and rules derived for combating and preventing vibration. 
The data are of use to builders and users of milling machines. 


Earty ForGes aND Furnaces IN New Jersgy. By C. S. Boyer. Uni- 
versity of Pennsylvania Press, Philadelphia, 1931. Cloth, 6 X 10 
in., 287 pp., illus., maps, $5. 

This work presents a great amount of data upon early iron- 
making in New Jersey which has heretofore been widely 
scattered or unknown. The history of over one hundred 
forges and furnaces is recorded as fully as possible. An im- 
portant item is the record of the bog-iron industry of southern 
New Jersey, about which little has been known until now. 
The book is the result of much patient research in contemporary 
newspapers, deeds, wills and other manuscripts, and is a valuable 
addition to the history of the American iron industry. 


FaraDAY AND His MetatiurGicat Resgarcues. By Sir R. A. Hadfield. 
Chapman & Hall, Ltd., London, 1931. Cloth, 6 X 10 in., 329 pp., 
illus., diagrams, charts, tables, 21 s. 

It will surprise many, who think of Faraday chiefly as the dis- 
coverer of electromagnetic induction, to learn that he was also 
the first to conduct systematic researches upon alloy steels and 
that his work, far in advance of the demand of his day, was not 
only valuable but is still of great interest. Happy chance has 
enabled Sir Robert Hadfield to investigate thoroughly, by 
modern methods, a large number of alloys which Faraday made 
and packed away over a century ago. These entitle Faraday to 
credit as the pioneer student of alloy steels and show the 
remarkable work that he did from 1819 to 1824, when his 
efforts in this field were discontinued. Sir Robert tells the 
story in detail in this handsomely illustrated, readable volume. 
The circumstances under which Faraday worked and the men 
associated with him are described. The modern investigations 
and their results are given fully. The history of the develop 
ment of alloy steels since Faraday is reviewed. The book is a 
valuable addition to the history of metallurgy which every 
metallurgist will find of interest. 


InpustriaL Hyctene for Engineers and Managers. By C. P. McCord, 


assisted by F. P. Allen. Harper & Brothers, New York and 


London, 1931. Cloth, 6 X 10 in., 336 pp., illus., diagrams, 
maps, charts, tables, $5. 

A handbook on all phases of the preservation of life in in- 
dustry, in which the latest methods of disease and accident 
prevention are discussed from the points of view of the physi- 
cian and the executive. The work is intended especially for 
engineers and managers of industries who are responsible for 
the health and safety of employees. They will find much 
valuable help in this book. 
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Selected References From The Engineering Index Service 


(The Engineering Index Service Is Registered in the United States, Great Britain, and Canada by the A.S.M.E.) 


HE ENGINEERING INDEX SERVICE furnishes to its subscribers a Weekly Card Index of references to the periodical 
literature of the world covering every phase of engineering activity, including Aeronautic, Chemical, Civil, Electrical, 
Management, Mechanical, Mining and Metallurgical, Naval and Marine, Railway, etc. Of the many items of particular 
interest to mechanical engineers a few are selected for presentation each month in this section of “Mechanical Engineer- 
ing.” In operating The Engineering Index Service, The American Society of Mechanical Engineers makes available the 
information contained in the more than 1800 technical publications received by the Engineering Societies Library (New 
York), thus bringing the great resources of that library to the entire engineering profession. At the end of the year all 
references issued by the Service are published in book form, this annual volume being known as ‘‘The Engineering Index.” 
Photoprint copies (white printing on a black background) of any of the articles listed in the Index may be obtained at 

a price of 25 cents a page. When ordering photoprints identify the article by quoting from the index item: (1) Title of 


article; (2) Name of periodical in which it appeared; 
A remittance of 25 cents a page should accompany the order. 


29 West 39th Street, New York. 


ACCELEROMETERS 

THEORY Ueber Beschleunigungsmessungen 
(Measurements of Acceleration), J. Geiger. 
Mitteilungen aus den Forschungsanstalten, vol. 
1, no. 7, Oct. 1931, pp. 162-174, 23 figs. Method 
of measuring acceleration directly instead of 
indirectly by means of path-time curve; theory 
of instruments for constant direct registration 
of acceleration-time curve; theoretical mathe- 
matical study and results of practical measure- 
ments. 


AIR COMPRESSORS 


ROTARY. S.L.M. Portable Rotary Com- 
pressors. Engineerng, vol. 132, no. 3439, 
Dec. 11, 1931, . 741, 4 figs. Compressors 
manufactured by Boies Locomotive and Machine 
Works, Winterthur, Switzerland, are claimed 
to be markedly more silent than more usual re- 
ciprocating units and possess other advantages. 


AIRPLANE ENGINES 


Desicn. Om flygmotorer och defas beralkning 
och konstruktion (Calculation and Design of 
Airplane Engines), H. Jyrkluad. Tekniska 
Foereningens i Finland Foerhandlingar, vol. 51, 
nos. 7 and 11, July 1931, pp. 201-210 and Nov., 
pp. 357-363, 11 figs. Thermodynamic calcula- 
tions, design of combustion chamber, etc.; cur- 
rent practice in design of pistons, valves, piston 
pins, etc. 

EXHIBITIONS. Les moteurs francais du dernier 
Salon (French Engines at Paris Exhibition), 
P. Leglise. Aeronautique, vol. 13, no. 141, 
Feb. 1931, pp. 49-58, 33 figs. Performance 
data and design of principal French makes in- 
cluding Farman, Gnome-Rhone, Hispano-Suiza, 
and Lorraine. 


Fuet Pumps. Nouvelles pompes a essence 
(New Fuel Pumps). Aéronautique, vol. 13, 
no. 145, June 1931, pp. 224-228, 16 figs. Design 
and operation of representative types utilizing 
diaphragms, vanes, and pistons, built by Fiat, 
Junkers, and A. M. companies. 

Jacoss. Technical Description of Jacobs 
L-3 Aircraft Engine, L. R. Parkinson. Aviation 
Eng., vol. 5, no. 5, Dec. 1931, pp. 23-25, 7 figs. 
Three- cylinder radial air-cooled engine developing 
55 hp at 2125 rpm, with bore and stroke of 4.13 by 
43/4 in. 

Junkers Dieser. Junkers Heavy-Oil Engine 
for Aeroplanes. Mech. World, vol. 90, no. 2338, 
Oct. 23, 1931, pp. 406-409, 6 figs. Chief ad- 
vantages to be gained by applying heavy-oil 
engines to aircraft, and description of Junkers 
motor. 


SuPERCHARGING. Exposé pratique du _ prob- 
léme de la suralimentation des moteurs d’avions 
(Practical Survey of Problems in Supercharging 
Airplane Engines), C. Waseige. Technique Aéro- 
nautique, vol. 22, nos. 113, 114 and 116, Mar. 
1931, pp. 71-76, Apr., pp. 99-105 and June, pp. 


142-151, 23 figs. Necessity of supercharging for 
improving performance; comparison of different 
types of compressors; modifications required on 
engine units, with special regard to carburetors 
magnetos, propellers, etc. 


AIRPLANES 


Brakes. Hydraulic Brakes for Aircraft, 
R. Waring-Brown. Aircraft Eng., vol. 3, no 
34, Dec. 1931, pp. 301-304 and 318, 19 figs 
Theoretical and practical qualities with descrip- 
tions of prominent examples, particularly Lock- 
heed, De Lavaud, Vickers, and Timken. 


Les nouveaux systémes Charlestop de trans- 
mission et de freinage (New ‘‘Charlestop”’ Re- 
mote Brake Transmission and Control), P 
Leglise. Aéronautique, vol. 13, no. 146, July 
1931, pp. 261-263, 12 figs.; see also translation 
in Nat. Advisory Committee Aeronautics—Tech 
Memo., no. 640, Oct. 1931, 3 pp., 12 figs. on supp 
plate. Design of hydraulically operated brake 
with differential braking action. 


Controt. Automatische Flugzeugsteuerung- 
mittels Kreiselgeraeten (Automatic Airplane 
Control by Means of Gyroscope), F. V. Lindner. 
Zeit. fuer Flugwesen, vol. 11, no. 8, 1931, pp 
115-119, 5 figs. Principles of design and opera- 
tion of different makes, with particular regard to 
Boykow, Marmonier and Askania automatic 
pilots. 


Recherches et expériences sur le pilotage 
automatique (Research and Experiences With 
Automatic Control), Etévé. Aéronautique, vol. 
13, no. 143, Apr. 1931, pp. 117-121, 9 figs. 
Various arrangements for automatic operation 
of control surfaces, with particular regard to 
stabilizing in turbulent air. 

Desicn. Beitrag zur Entwicklung’ eines 
autorotationsfreien steil landbaren Flugzeuges 
(Development of Non-Autorotative Airplane 
Capable of Steep Landing), W. Schmidt. Zeit. 
fuer Flugtechnik und Motorluftschiffahrt, vol 
22, nos. 18 and 19, Sept. 28, 1931, pp. 546-549 
and Oct. 14, pp. 569-578, 22 figs.; see also transla- 
tion in Nat. Advisory Committee Aeronautics— 
Tech. Memo., no, 650, Dec. 1931, 26 pp., 32 figs. 
on supp. plates. Experimental and theoretical 
investigation of autorotation characteristics of 
different monoplane wings. 

Heticopters. See Helicopters. 

MATERIALS. See Glucinum Alloys. 


PASSENGER. German Transport Airplanes— 
VI, E. P. A. Heinze. Aero Digest, vol. 19, no. 6, 
Dec. 1931, pp. 57-59, 7 figs. Twin-engined 
Do. J “Wal’’ Seaplane; 22-passenger Do. S. 
with four Hispano Suiza 640-hp engines; 8- 
passenger all-metal ‘“‘Merkur’’ with 600-hp 


B.M.W. engine; Dornier Do. K land plane with 
four 240-hp engines. 

_PERFORMANCE CALCULATION. Calcul de la 
vitesse d’atterrissage d’un avion a partir de 
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(3) Volume, number, and date of publication; (4) Page numbers. 
Orders should be sent to the Engineering Societies Library, 


ses caracteristiques aerolynamiques et de la 
vitesse verticale a l'atterrissage, R. Pouit Aero 
nautique, vol. 13 no. 150, Nov. 1931, p. 385-356 

Calculation of landing speed of airplane on basis 
of aerodynamic characteristics and_ vertical! 
landing speed; derivation of formula’ with 
numerical example 

PROPELLERS. II calcolo indiretto om eliche 
(Indirect Calculation of Propellers) . de Cariz a 
Aeronautica, vol. 5, no. 9, Sept. 1931 “ee 623-627 
5 figs Development of graphic methods for 
determining aerodynamic’ characteristics of 
various types of propellers 

L'adaptation de I'helice a l'avion (Adaptation 
of Propellers to Airplane), J. Volpert. Technique 
Aéronautique, vol. 22, nos. 111 and 113, Jan 
1931, pp. 21-25 and Mar., pp. 60-70, 11 figs 
Fundamental consideration in selecting propellers 
for best operating conditions, with particular 
regard to engine output; graphical representa 
tion of factors controlling efficiency and propellers 


L’hélice ‘“‘roue-libre’’ Paulhan-Pillard pour 
l'amélioration du vol avec moteur arreté, Paulhan 
Pillard (Free-Wheel Propeller, for Improving 
Flight With Stalled Engine), M. Pillard. Aéro 
nautique, vol. 13, no. 146, July 1931, pp. 245-252 
23 figs. Design and operating characteristics of 
propeller hubs incorporating roller clutches 
tables give data on improved performance due to 
decreased drag. 

SuHock ABSORBERS. Dynamische Unter 
suchung von Flugzeugfederbeinen (Dynamic 
Investigation of Airplane Shock Absorbers 
P. Langer and W. Thome. V.D.I. Zeit., vol 
75, no. 45, Nov. 7, 1931, pp. 1388-1389, 12 figs 
Measurement of vertical impact with different 
types of shock absorbers on drum-testing equip 
ment; different damping systems of liquid 
steel-spring, and rigid types. 

Wine Futter. Wing Oscillation, A : 
Parker. Flight, vol. 23, no. 48, Nov. 27, 1931 
pp. 1174a-1174c, 6. figs Mathematical in 
vestigation of two cases: (1) only spars are con 
sidered, effect of bracing entirely omitted, except 
as regards weight of wing; (2) elliptic distribu 
tion of pressure over span modified due to 
tapering of wings; center section of wings to 
have no lift. 


ALCOHOL FUEL 


CZECHOSLOVAKIA. “Dynalkol,"’ carburant 
national de la Republique Tchecoslovaque 
(Dynalkol, National Fuel of Czechoslovakian 
Republic), E. Kostuk. Assn. des Chimistes de 
Sucrerie—Bul., vol. 48, no. 10, Oct. 1931, pp 
408-415. Fuel is mixture of 50 per cent alcoho! 
of 96.6 deg purity, 30 per cent gasoline, and 20 
per cent benzol. 


ALLOY STEELS 


Cromansit. A Low Alloy Steel for Large 
Tonnage Applications, A. B. Kinzel. Iron Agé 











Marcu, 1932 

















vol. 128, no. 27, Dec. 31, 1931, pp. 1686-1688, 


3 figs. Physical properties of typical Cromansil 
steels containing chromium, manganese, and 
silicon; comparison of Cromansil and other 
steels 
ALLOYS 
ALUMINUM. See Aluminum Alloys 
BEARING Metars. See Bearing Metals. 
Guiucinum. See Glucinum Alloys. 


ALUMINUM 


ROLLING Metal Lubrication and Roll Cooling 
in Aluminum Hot- Mill Practice, R. J. Anderson 
Iron Age, vol. 128; no Dec. 31, 1931, pp 
1674-1677, 2 figs. Problems encountered in 
rolling aluminum and aluminum-alloy sheet 
ingots; lubricants used, such as kerosene, light 
machine oil, greases, and water-oil mixtures; 
practice of some American and European plants. 


ALUMINUM ALLOYS 


CASTINGS High-Strength Sand-Casting Alu 
minitum Alloys, W. C. Devereux Foundry 
Trade J1., vol. 45, nos. 797 and 798, Nov. 25, 1931, 
pp. 331-335 and Dec. 3, pp. 349-351 and (dis- 
cussion) 351-352, 21 figs. Subject is confined 
to alloys now used extensively for highly stressed 
or special parts, such as ‘“‘Y"’ alloy, R. R. alloys, 
and 4 per cent copper alloys; competition from 
crop forgings; casting prope rties and elimination 
of chills. Before Inst. Brit. Foundrymen 


MACHINING Werkzeugmaschinen fuer Leicht 


metallbearbeitung (Machine Tools for Light 
Metals), P. Kelle. Zeit. fuer Metallkunde 
vol. 23, no. 11, Nov. 1931, pp. 309-313, 12 figs 


rungsten-carbide tools have proved most suitable 


for drilling light metals containing silicon; for 
other aluminum alloys, high-speed tool steels 
suffice; special types of machine tools; machining 


of light-metal pistons 


AUTOMOBILE ENGINES 


DIesei See Diesel 


AUTOMOBILES 


BRAKES. Momentum-Boosted Braking System 
Accurate Stop, P. M. Heldt Automotive 
Industries, vol. 65, no. 26, Dec. 26, 1931, pp. 988 
991, 6 figs Mechanical features are embodied in 
four wheel, mechanical, power-actuated braking 
system recently announced by Stewart-Warner 
Corp., Chicago 


Engine Automotive 


Gives 


DESIGN Beschouwingen 
automobiel-constructies 
Automobile Designs), 
technisch Weekblad 
and 43, Sept. 17 
pp. 612-614, Oct 


over de nieuwste 
(Considerations of Latest 
A. Van der Mee Poly- 
vol. 25, nos. 38, 39, 40, 41 
1931, pp. 593-595, Sept. 24 

pp. 630-632, Oct. 8, pp. 643 
645 and Oct. 22, pp. 678-680 and 682, 18 figs 
General review of improvements in European 
and American representative makes of passenger 
cars and engines 


TRANSMISSIONS Hobbs Gearless Drive, W 
G. T. Goodman Commonwealth Engr., vol 
19, no. 4, Nov. 2, 1931, pp. 149 151, 2 figs 
Gearless drive invented by H. F. Hobbs, of 
Adelaide, South Australia, has three essential 
elements weighted gears to produce forces 
roller clutch to prevent motion, and torsional 
pring to transmit drive 

New Four-Speed Gear Box. Automobile 
Engr., vol. 21, no. 288, Dec. 1931, p. 589, 2 figs 
Design with constant-mesh second- and _ third- 
speed gears by Laycock Engineering Co., Shef- 
field England 

Irransmission, L. H. Pomeroy Automobile 


Engr., vol. 21, no. 288, Dec. 1931, pp. 596-600, 
5 figs. Desirable attributes of motor-vehicle 
transmission and technical description of Daimler 
fluid-flywheel transmission 


AUTOMOTIVE FUELS 
See Alcohol Fuel; Coal (Liquefaction). 
BALANCING MACHINES 


Dynamic. Hoffman-Kunze 
ing Machine. Automobile 
288, Dec. 1931, pp. 590-591, 
operating principles; 

inscribed by 
machine 


BEARING METALS 


BeHavior. Die 


Balanc 
vol. 2 no 
Design and 
vibration 
front of 


Dynamic 
Engr., 
3 figs. 
amplitude of 
pointers on charts in 


Lagermetalle und ihr Ver- 
halten im Betriebe, R. Kunze Maschirenbau, 
vol. 10, no. 21, Nov. 5, 1931, p. 664-670. _ Bearing 
ietals and their behavior in operation; directions 
or selection; fundamental characteristics; test- 


ing with special regard to methods and testing 
equipment used by German State Railroad; 
metals 
Bibliography. 
Porous BRONZE. 

systéme Compo 
System). 


test 


sults; behavior of used; bearing of 


railroad cars. 
Coussinets en bronze por- 
(Bearing of Porous Bronze 
Génie Civil, vol. 98, no. 16, 


eux 
Compo 











Apr. 18, 1931, p. 404, 2 figs. New type of bearing 
made with porous bronze allows bearing metal to 
become saturated with oil, 25-30 per cent of oil 


being absorbed by wall of bearing 
BOILER FEEDWATER 

ANALYsis. Chemical Analyses in 
ment Studies. Power Plant Eng., vol. 35, no. 23, 
Dec. 1, 1931, pp. 1136-1140, 1 fig. Laboratory 
analysis shows that Am. Public Health Assn. and 
modified Winkler methods give reliable results 
when used on boiler waters for embrittlement 
studies; phosphates and silicates present 

Die Shhineaed des Begriffes und der Masszahl 
Haerte in der Dampfkessel-Speisewasserpflege 
(Change in Interpretation and Unit of Hardness 


Embrittle- 


in Boiler-Feedwater Treatment), A. Sulfrian. 
Waerme, vol. 54, nos. 51-52, Dec. 19, 1931, pp. 
954-957 By introduction of term, ‘‘ballast 


material,"’ and designation of chemically pure 
materials with usual terms and with use of inter- 
nationally accepted milliunit, author has effected 
standardization in feedwater-treatment practice. 

HypDROGEN ION CONCENTRATION Hydrogen 
Ion Determinations in Steam Plant, C. E Joos 
Combustion, vol. 3, no. 4, Oct. 1931, pp. 25-30, 
39 and 46, 6 figs. Factor of hydrogen ion con- 
centration, commonly referred to as pH value, 
with reactions involved and their significance; 
instruments are available which make deter- 
mination of pH value comparatively simple 
matter; dantdnanne of pH value in connection 
with boiler waters of various characteristics and 
when using various methods of feedwater treat- 
ment 


BOILERS 
AUTOMATIC 
Draft Control 
West. Gas 
57, 3 figs 


CONTROL. Electro-Automatic 
for Steam Boilers, G. H. Logan 
vol. 7, no. 12, Dec. 1931, pp. 23 and 
Object of system described is to adjust 
air supply equipment for gas- and oil-fired boilers 
to optimum position simultaneous with change in 
burner pressure 

Desicn. Trend in Boiler Development 
ward Simplicity, R. C. Roe 
vol. 35, no. 24, Dec. 15 
fig. Development of high single-pass inclined- 
tube boiler, units with capacities considerably 
over 1,000,000 Ib of steam per hr, and fluid air 
heaters are some of yéar's contributions to boiler 
plant design water treatment; stokers and 
pulverizers; air heaters 


To- 
Power Plant Eng., 
1931, pp. 1174-1176, 1 


FIRING Wanderrost oder St: aubfeuerung 
Traveling-Grate or Pulverized-Coal Firing), 
H. Bleibtreu. V.D.I. Zeit., vol. 75, no. 44, Oct 


31, 1931, pp. 1358-1360. Reasons for different 
valuation of two systems in Germany and United 


States; critical comparison with regard to effi- 
ciency, control, reliability, fuel feed, operating 
expenses, etc 

FurRNACES. Erfahrungen mit scheitrechten 


Gewoelben bei Wanderrosten (Experiences With 


Flat Arches in Traveling-Grate Furnaces), H. 
Roentsch Waerme, vol. 54, no. 51-52, Dec. 19, 
1931, pp. 957-959, 10 figs. Results of tests on 


suspended-roof type of boiler furnace 

Temperaturverhaeltnisse in 
mern Kurzflammiger 
mit wassergekuehlten 
Conditions in 


den Brennkam- 

Kohlenstaubfeuerungen 
Waenden (Temperature 
Combustion Chambers of Short- 
Flame Furnaces With Water-Cooled Walls), E. 
Eckert. Waerme, vol. 54, no. 50, Dec. 12, 1931, 
pp. 915-919, 6 figs. Mathematical investiga- 
tion, with special regard to influence of burning 
time, air preheating, a load, and of type of coal 
on flame temperature and temperature drop of 
burnt gases up to entry into contact heating 
surface. 

Hicu-Pressure. Considerations sur la chau- 
diere Loeffler a haute pression au point de vue de 
la construction (Loeffler High-Pressure Boiler 
From Design Viewpoint), Rochel. Chaleur et 
Industrie, vol. 12, no. 138, Oct. 1931, pp. 537- 
546, 25 figs. Design of superheaters; process of 
steam generation; water level indicator; ac- 
cessories; new designs; heating. 

Marine Critical-Pressure 
74, no. 24, Dec. 15, 1931, 
Design and constructional features of Benson 
3200-lb boiler on Hamburg-American liner 
‘‘Uckermark;"’ section through Benson boiler; 
operating features. 


Boiler. Power, 
pp. 870-872, 3 figs. 


vol 


High-Pressure 
Hawkins, and H. L. 


Purdue 
G. A. 


Boiler, A. A. Potter, 

Solberg. Power, vol. 
. Dec. 1, 1931, pp. 798-801, 5 figs. 
Desirability of exploring field up to critical 
pressure is such that both Purdue University and 
Yarnall-W aring Co. have installed units designed 
to be operated in tests over this range; features of 
Bailey power-type pressure gage; diagram of 
testing equipment; measurement of pressures 
and temperatures. 


Water Circulation 








in Boilers. Power Engr., 


vol. 26, no. 308, Nov. 1931, pp. 427-430, 6 figs. 
Review of research conducted by Sulzer Bros., 
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Ltd.; side sectional elevation of special extra- 
high-pressure Sulzer boiler; curves of test results. 
Locomotive. See Locomotives (Boilers). 
PLATES—TESTING. De l'essai_ au choc bar- 
reaux entaillés (Impact Testing of Notched Bars 
and Its Application to Acceptance of Boiler 
Plates), Vv Kammerer. Associations Frangaises 
de Propriétaires d'Appareils a Vapeur—Bul., no. 
46, Oct. 1931, pp. 213-248, 26 figs. Method, 
test equipment, tests, and analysis. 
PULVERIZED-COAL 


FIRED. Verbrennung von 
ungemahlenem 


Kohlenstaub in Kohlenstaub- 
feuerungen (Combustion of Unpulverized Coal 
Dust in Pulverized-Coal Furnaces), O. Haller. 
Glueckauf, vol. 67, no. 43, Oct. 24, 1931, pp. 1348- 
1352, 3 figs. Pulverized-coal furnace developed 
at Stinnes mines, uses unpulverized dust up to 
3-mm grain size with good boiler output, and 
practically complete combustion; cooling-water 
grate is eliminated and lower part of furnace is 
completely sealed with brick slabs having per- 
forations for air entry 


Ww ATER TUBE. Boiler Plant at Harrogate 
Power Station. Engineering, vol. 132, no. 3439, 
Dec. 11, 1931, p. 740. Boilers were constructed 


by Yarrow and Co., and are of firm’s S.F.I. type; 
each has normal evaporation of 50,000 lb per hr; 
working pressure is 350 lb per sq in, final steam 
temperature being 730 deg; all boiler tubes are 
straight and are 1/4 in. in external diam.; each 
boiler is fitted with two mechanical stokers. 


Die Strahlung des Rostes in einem Wasserrohr- 


kessel (Radiation From Water-Tube Boiler 
Grates). Werft-Reederei-Hafen, vol. 12, no. 21, 
Nov. 1, 1931, pp. 359-363, 8 figs. Attempt is 


made to place radiation problem upon scientific 
basis; investigation was carried out by Sulzer 
Bros.; theory developed is applied to numerical 
investigation 


Spannungen in Rohrplatten von Wasserrohr- 


kessein (Stresses in Tube Plates of Water-Tube 
Boilers), K. Baatz Waerme, vol. 54, nos. 51-52, 
Dec. 19, 1931, pp. 930-934 It is claimed to be 
entirely possible to calculate individual stress- 


forming influences and effect of internal pressure; 
rules for calculation, based on recent literature 
and work of Kammerer and Parmentier. 


BOLTS AND NUTS 


Heat TREATMENT. Heat Treatment of Bolts 


Has Improved Modern Engineering Practice, 
F. O. Kichline Heat Treating and Forging, 
vol. 17, no. 11, Nov. 1931, pp. 1042-1045, 3 figs 


Production methods and equipment at Lebanon 
plant of Bethlehem Steel Co., with particular 
regard to heat treatment; physical properties of 
steel 


BORING MACHINES 


Jic Die Herstellung Genauer Lochabstaende 
in Bohrlehren (Production of Accurate Hole 
Distances in Boring Templets), F. Kleinpeter. 
Werkstattstechnik, vol. 25, no. 13, July 1, 1931, 
pp. 321-324, 7 figs. Economies and improve- 
ments in accuracy obtained by modern equip- 
ment; operation of boring machines by J. E. 
Reinecker, Chemnitz, H. Hauser A.-G., Pratt and 


Whitney, Hartford, and Keller Mechanical 
Engineering Corp., Brooklyn 
BORING MILLS 

40-Fr MILL 40-Ft Boring and Turning 
Mill. Engineering, vol. 132, no. 34-39, Dec. 11, 
1931, pp. 738-739, 3 figs. Machine made by 
Etablissements Charles Berthiez, Paris, is stated 


to be largest of its type in world, and is designed 
to turn work up to 40 ft in diam. 


CABLES 

WrirRe-TEsTING. Drahtseilforschung (Wire 
Cable Research), R. Woernle. V.D.I. Zeit., 
vol. 75, no. 49, Dec. 5, 1931, pp. 1485-1489, 21 
figs. Abstracts of papers presented at session of 


committee on wire cable research of Verein 
deutscher Ingenieure; testing and lubrication of 
various types of wire cables, with particular 
regard to data obtained at Technical University 
of Stuttgart. 


CAR AXLES 


SuSPENSION. Untersuchungen ueber die 
Eigenschaften der Peckham-Aufhaengung (In- 
vestigation of the Properties of Peckham Sus- 


pensions), H. Paulsmeier. Verkehrstechnik, no. 
35, Aug. 28, 1931, pp. 423-427, 9 figs. Move- 


ments of Peckham axles in relation to cars; com- 
parison of sideward vibrations and those resulting 
from flange friction in curves for cars with and 
without Peckham suspensions. 


CASE-HARDENING 


CARBURIZING. Energizing Action of Various 
Chemicals in Carburization of Steel With Solid 
Carburizing Agents, R. A. Ragatz and O. L. 
Kowalke. Metals and Alloys, vol. 2, no. 5, Nov. 
1931, pp. 290-296, 4 figs. Numerous com- 
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pounds of sodium, potassium, barium, and cal- 
cium were employed for comparison with carbon- 
ates of respective elements at various concen- 
trations, temperatures and times for carburiza- 
tion; research at University of Wisconsin. 

Mechanism of Energizer Action in Carburiza- 
tion, R. A. Ragatz and L. O. Kowalke. Metals 
and Alloys, vol. 2, no. 6, Dec. 1931, pp. 343-348, 
4 figs. Interpretation of experiments shows that 
energizing action exerted by certain chemicals in 
carburization of steel primarily due to catalytic 
effect produced on C:CO:2:CO reaction; review of 
previous theories. 


CAST IRON 


Attoy. Alloy Cast Irons, G. S. Bell. Foun- 
dry Trade Jl., vol. 45, nos. 798 and 799, Dec. 3, 
1931, pp. 353-354 and Dec. 10, pp. 365 and 368, 
2 figs. Effects of adding to ordinary gray cast- 
iron mixture, various proportions of metallic 
elements; nickel in gray cast iron; chromium 
additions; austenitic cast iron. Before Inst. 
Brit. Foundrymen. 

HEAT TREATMENT. Recherches sur la trempe 
martensitique et le traitement thermique dur- 
cissant des fontes (Researches on Martensitic 
Hardening and Hardening by Heat Treatment of 
Cast Iron), L. Guillet, J. Galibourg, and M. 
Ballay. Revue de Métallurgie, vol. 28, no. 11, 
Nov. 1931, pp. 581-597, 24 figs. Investigations 
to determine composition of special cast irons, 
best suited to heat-treating processes; influence 
of treatment on hardness and other mechanical 
properties; microstructure; applications of 
martensitic cast iron. Before Int. Congress for 
Safety in Aviation, Paris. 

HIGH-QUALITY Pic For. ‘‘Migra’’ Iron, New 
Special Pig-Iron for High-Quality Casting, E. 
Piwowarsky and A. Wirtz. os, Trade Jl., 
vol. 45, no. 792, Oct. 22, 1931, 251-252 and 
254, 2 figs. As new pig iron is -/ eet the wo by 
fine- graphite grain and fracture, it is called 

““Migra” Iron (micro-graphite); results of melting 
tests in foundry of Vereinigte Stahlwerke A.-G., 
Muelheim-Ruhr, where Migra iron with low 
phosphorus content is produced. 


CASTINGS 


TEMPERATURE Errect. Considerations and 
Tests for Cast Materials for High-Temperature, 
High-Pressure Service, L. W. Spring. Am. 
Foundrymen’s Assn.—Trans. and Bul., vol. 2, 
no. 10, Oct. 1931, pp. 13-55, 24 figs. Properties 
of castings as compared to forged and welded 
materials; they are stiffer and more resistant to 
creep at temperatures above strain-hardening 
range (1000 F); they seem more resistant to 
corrosion, etc.; factors in development of ma- 
terials for high-temperature, high-pressure ser- 
vice. 

CHROMIUM-NICKEL STEEL 

FABRICATING. Methods Used in Fabricating 
Allegheny Metal. Machy. (N. Y.), vol. 38, no. 4, 
Dec. 1931, pp. 244-246. How to obtain best 
results in fabrication of 18-8 chrome-nickel alloys 
including such operations as turning, grinding, 
drilling, and punching; recommended pickling 
methods 

HARDENING. Die Verguetung eines hoch- 
legierten austenitischen Chrom-Nickel-Stahls 
durch Ausscheidungshaertung (Treatment of 
Highly Alloyed Austenitic Chromium-Nickel 
Steel by Dispersion Hardening, E. Greulich. 
Archiv fuer das Eisenhuettenwesen, vol. 5, no. 6, 
Dec. 1931, pp. 328-330, 16 figs. Review of 
earlier research; composition and pretreatment 
of investigated steels; influence of carbide 
separation on mechanical properties; high- 
temperature resistance; solubility in acids. 


COAL 

Catoriric VaLtue. Calculation of Calorific 
Value of Coal, DeCahier. Gas World, vol. 95, 
no. 2471, Dec. 12, 1931, pp. 596-599, 4 figs. 
Inaccurate results with calorimeters; objections 
to use of formulas based on ultimate analyses; 
calculation from proximate analysis; sulphur 
correction; new formula submitted. Bibliogra- 
phy. 

CARBONIZATION, LOW-TEMPERATURE. Appli- 
cation of Low Temperature Coal Distillation to 
Modern Requirements, E. H. Smythe and E. G. 
Weeks. Colliery Guardian, vol. 143, no. 3699, 
Nov. 20, 1931, pp. 1705-1708, 5 figs. List of 
nine localities from which suitable coals are ob- 
tained; tests with Babcock process; description 
of simplified form of coal distillation plant de- 
signed primarily for continuous and automatic 
production of coal tar and graded semi-coke. 
Before Instn. Engrs and Shipbldrs. in Scotland. 


Les procédés modernes d’utilisation rationnelle 
des combustibles (Modern Procedures in Eco- 
nomic Utilization of Fuels), H. L. deLeeuw. 
Technique Moderne, vol. 23, nos. 21 and 22, Nov. 
1, 1931, pp. 709-713 and Nov. 15, pp. 747-754, 
16 figs. Outline of latest development in process- 


ing of fuels, with special reference to low-tempera 
ture carbonization of coal, and utilization of its 
by-products. 

LIQUEFACTION. Light Spirits From Low Tem- 
perature Carbonization of Coal, D. Hicks and 

G. King. (Great Britain) Dept. Sci. and 
Indus. Research, Fuel Research—Tech. Paper, 
no. 34, 1931, 26 pp., 3 figs., 6 d.; see also Engi- 
neering, vol. 132, no. 3439, Dec. 11, 1931, pp. 737- 
738. Properties of spirits obtained by scrubbing 
gas and by distilling tar from low-temperature 
carbonization; methods of refining them; fuels 
obtained from tar by cracking or hydrogenation 
not considered. 


COMPRESSED-AIR LINES 


Fittincs. Druckverlust in Formstuecken fuer 
Pressluftleitungen (Pressure Loss in Fittings for 
Compressed- Air Lines), E. Stach. Glueckauf, 
vol. 67, no. 45, Nov. 7, 1931, pp. 1400-1404, 11 
figs. Tests with old and new forms of T-pieces 
and elbows, for determining best shape; tests 
were carried out with compressed air of 3 to 5 
atm and for loads up to 9.5 cu m suction volume 
per min. 


CONVEYORS 

i gg Transporting Pulverized Coal by 
Pipe Line, F. Schulte. Pipe Line News, vol. 4, no. 
1, Dec. 1931, pp. 11-13. German practice; suc- 
tion operation preferable, but used only for dis- 
tances up to 400 m; pressure used up to 800 m, but 
intermediate stations must be installed for greater 
distances; air consumption; explosion; moisture; 
fineness of dust; power consumption; wear; 
leaks; pipe laying; costs. Before Int. Confer- 
ence on Bituminous Coal. 


COPPER 


PROPERTIES. Proprietes mecaniques du 
cuivre—1l (Mechanical Properties of et 
A. Krupkowski. Revue de Metallurgie, vol. 
no. 10, Oct. 1931, pp. 529-545, 16 figs. Peautes 
of investigations begun in 1928 at Warsaw Insti 
tute of Technology; tensile tests; effect of cold 
working of copper by drawing or rolling. 


CRANES 


GANTRY. Enquéte sur l'état actuel de la 
technique des Appareils de Levage et de Manu- 
tention mécanique (Investigation of Present 
State of Devices for Mechanical Lifting and 
Handling), M. Pelou. Science et Industrie, vol. 

no. 214, Nov. 1931, pp. 508-518, 20 figs. 
Gantry cranes with traveling carriage hoists for 
handling of isolated loads and gantry cranes with 
grab-bucket traveling hoists. 


CUPOLAS 


Hot-Biast. Moore Hot-Blast Cupola, J. 
MacKenzie. Am. Foundrymen’s Assn.—Trans 
and Bul., vol. 2, no. 8, Aug. 1931, pp. 107-203 and 
(discussion) 203-204, 4 figs. Operating condi- 
tions demanding consideration of cupola melting 
other than by cold-blast cupolas led to develop- 
ment of method of suspending vertical pipes in- 
side cupola; this installation was so satisfactory 
that other cupolas in this plant were changed 
over to hot-blast melting; operating records. 


CUTTING TOOLS 
TUNGSTEN _ CARBIDE. Test for New Carbide 
ing , A. W. Swanson. Machy. (N. Y.), 
Dec. 1931, pp. 265-267, 3 figs. 
To determine applicability of tools, ‘‘cratering’’ 
test is made on lathe with approximately */2-in. 
depth of cut, feed of 0.020 to 0.030 in., and 
moderate speed; formation of crater back of 

cutting edge of tool. 


Cutting Steel With a New Cemented Carbide, 
R. D. Prosser. Machy. (N. Y.), vol. 38, no. 4, 
Dec. 1931, pp. 296-298, 4 figs. Efficiencies of 
Widia-X in tests on steel, and corresponding 
consumption of electrical current; efficiencies of 
tools tipped with Widia-X in machining various 
steels, compared with efficiency of Krupp's best 
high-speed steel. 

Tungsten Carbide Tools. Engineer, vol. 152, 
no. 3960, Dec. 4, 1931, pp. 603-604, 4 figs. New 
machines by Alfred Herbert, Ltd.; tool is built 
up with Widia tip fixed in recess cut in mild-steel 
shank; results of tests carried out with Widia 
tools on 33-in. lathe. 

Ueber das Loeten von Hartmetallen (Widia) 
[Soldering of Hard Metals (Widia) |, C. Agte and 
K. Schroeter. Werkstattstechnik, vol. 25, no. 
15, Aug. 1, 1931, pp. 373-374, 3 figs. Effects of 
different soldering methods on properties of tools 
to maintain cutting characteristics; benefits of 
reducing atmosphere. 





Die castInGs 

Zinc. Zine Die Castings, W. M. Peirce and 
M. Stern. Metal Progress, vol. 20, no. 6, Dec. 
1931, pp. 53-58, 8 figs. Typical applications of 
aluminum-copper-magnesium alloys 4:3:0.1 per 
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cent, with data on composition and strength 
properties; recommendations for machining and 
electroplating. 
DIESEL-ELECTRIC POWER PLANTS 
Stranp-By. Diesel Stand-By Power in Hydro- 
Electric Plant, E. Swan. Power, vol. 74, no. 20, 
Nov. 17, 1931, pp. 708-709, 1 fig. Design and 
operating clraracteristics of Central Power Com- 
pany's Diesel plant at Kearney, Neb.; necessity 
of breakdown power; list of equipment in Diesel 
power plants. 


DIESEL ENGINES 


AUTOMOTIVE. Der Entwicklungsstand der 
Schweroelmotoren fuer Fahrzeuge und Flugzeuge 
(Development of Heavy-Oil Engine for Motor 
Vehicles and Airplanes), W. Schwerdtfeger. 
Automobiltechnische Zeit., vol. 34, no. 30, Oct 
31, 1931, pp. 677-679, 1 fig. Comparison of 
representative designs of principal countries based 
on product of output per liter and mean effective 
pressure; rating of 2-cycle and 4-cycle engines. 

DEVELOPMENT. Diesel Engines, H. R. Ri 
cardo Engineering, vol. 132, nos. 3438-3440, 
Dec. 4, 11, and 18, 1931, pp. 704-706, 736-737, 
and 767, 13 figs. Dec. 4: It is stated that while 
Diesel failed in his primary object of making 
engine which could burn coal directly, engine 
turned out to be very good oil engine; at one 
time it was maintained that high speed Diesel 
engines were imposs sible, but actus ally combustion 
is comple ted in Diesel in about two-thirds time 
taken in gasoline engine running at same speed. 
Dec. 11: During its first 30 years Diesel engine 
has changed little, merely increasing in size and 
little in speed; effect of supercharging; speeds of 
Diesel engines appear to have nearly reached 
their limit. Dec. 18: Analogy between develop- 
ment of Diesel engine and history of steam engine; 
author thinks high speed Diesel will oust slow 
running type; these engines would have piston 
speeds of over 1500 ft per min and cylinder 
diam. would be 8 in. at most Three lectures 
before Roy. Soc. Arts 

Furst INJECTION Effectiveness of Double 
Stem Injection Valve in Controlling Combus- 
tion in Compression-Ignition Engine, J. A. 
Spanogle and E. G. Whitney. Nat. Advisory 
Committee Aeronautics—-Tech. Notes, no. 402, 
Dec. 1931, 19 pp., 19 figs. on supp. plates. En- 
gine performance with double-stem valve inferior 
to that obtained with single-stem valve; control 
of injection rates permitted by injection valve of 
two stages of discharge not suflicient to effect 
desired rates of combustion 


Hydraulics of Fuel Injection Pumps for Com- 
pression-Ignition Engines, N Rothrock. 
Nat. Advisory Committee Aeronautics—-Report 
no. 396, 1931, 47 pp., 42 figs. Formulas for 
computing instantaneous pressures delivered by 
fuel pump; compressibility, elasticity, and inertia 
of fuel; resistance losses in injection tube; design 
of fuel pump injection systems; sample calcu- 
lations. 


Fuets. Ignition Quality of Fuels in Com- 
=a" Ignition Engines, G. D. Boerlage and 

J. Broeze. Engineering, vol. 132, nos. 3435, 
$43 38, and 3440, Nov. 13, 1931, pp. 603-606; 
Dec. 4, pp. 687-689, and Dec. 18, pp. 755-756, 
26 figs. Nov. 13: Results of laboratory research 
and tests on Thomassen direct injection engine, 
using other engines mainly ‘or correlation pur- 
poses. Dec. 4: Determination of ignition 
quality. Dec. 18: Correlation between engines. 

Hicu-Seekp. Fowler Cavity Piston High 
Speed Diesel Engine. Gas and Oil Power, vol. 
26, no. 314, Nov. 5, 1931, pp. 332-334, 8 figs 
Operating and design characteristics for which J. 
Fowler & Co. (Leeds), Ltd. claim enhanced 
smoothness of running and absence of “Diesel 
knock;’’ comparative fuel rate curves for gasoline 
and Fowler Diesel engines; performance curves 
for 2-cylinder Fowler Diese! engine. 

Some Characteristics of High Speed Heavy 
Oil Engines, S. J. Davies. Engineer, vol. 152, 
nos. 3962 and 3963, Dec. |8, 1931, pp. 656-657 
and Dec. 25, pp. 681-682, 9 figs. Differences in 
characteristics of gasoline and heavy-oil engines; 
present trend of design; conditions of satisfactory 
performance; forms of combustion chamber. 
Before Instn. Mech. Engrs. 

MarRINE. Die doppeltwirkenden Zweitakt 
Dieselmotoren der Reichsmarine (Double-Acting 
Two-Cycle Diesel Engines of German Navy), W. 
Laudahn. V.D.I. Zeit., vol. 75, no. 47, Nov. 21, 
1931, pp. 1425-1431, 17 figs. Design and per 
formance characteristics of 9-cylinder engine for 
battleship ‘‘Deutschland,’’ developing 7100 hp at 
450 rpm; bore and stroke 420 by 580 mm; com 
parison with other engine installations of German 
navy. 

Marine Oil Engine Trials. Engineering, vol 
132, nos. 3437, 3438, and 3439, Nov. 27, 1931, pp 
680-682 and (discussion) 676-678, ee. 4, pp 
711-715 and Dec. 11, pp. 724-725, 11 figs. Sixth 
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Applications, B. J. Shillito. Engineer, vol. 152, 
no. 3961, Dec. 11, 1931, pp. 615-617, 1 fig. 
Application to various types of machinery, in 
cluding dynamos, electrically driven grinding 
mills, printing-press equipments and rolling and 
rubber mills, based on experience in manufacture 
and design of these drives during last 25 years. 


GLUCINUM ALLOYS 


PROPERTIES. Le glucinium et la construction 
aeronautique (Ciuctatues and Aeronautical Con 
struction), L. Guillet and M. Ballay. Revue de 
Met tallurgie, vol. 28, no. 10, Oct. 1931, pp. 525- 
528 Pure glucinium and_ ultra-light alloys 
light alloys of aluminum-glucinium; properties of 
heavy glucinium alloys consisting of additions of 
small quantities of glucinium to nickel, copper,a nd 
to iron; price of glucinium is dominant factor 
governing its industrial use at present time 


Harpness TESTING 

VICKERS MAacuHiIne. Vickers Pyramid Dia 
mond Hardness Testing Machine, G. R. Barclay 
Metal Industry (Lond.), vol. 30, no. 16, Oct. 16 
1931, pp. 371-373, 7 figs. Limitations of Brinell 
test; construction and operation of Vickers ma 


chine; relation between Vickers and _ Brinell 
figures 

HEAT EXCHANGERS 

CALCULATIONS FOR Berechnung von 
Waermeaustausch- insbesondere Gegenstrom- 


apparaten (Calculation of Heat Exchangers With 
Particular Regard to Counterflow), F. Filchner. 
Gesundheits-Ingenieur, vol. 54, no. 35, Aug. 29, 
1931, pp. 521-525, 13 figs. Development of 
graphical methods with numerical examples 
illustrating calculation for steam and water heat 
exchangers and preheaters. 





Naeherungsverfahren zur Berechnung des 
Waermeaustausches in Regeneratoren§ (Ap- 
proximated Method for Calculating Heat Ex 
change in Regenerators), H. Hausen. Zeit. fuer 
angewandte Mathematik und Mechanik, vol. 11, 
no. 2, Apr. 1931, pp. 105-114, 11 figs. Theoreti- 
cal development of graphic and analytical 
methods of approximation for determining 
temperature of different types; formulas for 
calculating efficiency. 

HEAT PUMPS 

DESIGN Il riscaldamento meccanico con ciclo 
a vapor d’acqua e con cicli bineri (Mechanical 
Heating by Means of Steam Cycle and Binary 
Cycle), L. d’Amelio. Elettrotecnica, vol. 18, no 
7, Mar. 5, 1931, pp. 141-150, 14 figs. Various 
methods of converting mechanical work into heat 
with particular regard to thermodynamic aspects; 
layout of heat exchange apparatus. 


HEAT TRANSMISSION 


CYLINDERS. Ueber den Temperaturverlauf in 
einem Zylinder von endlicher Laenge beim 
Abkuehlen und Erwaermen (Temperature Dis- 
tribution in Cylinders of Finite Length During 
Cooling and Heating), F. Berger. Zeit. _ 
a He andte Mathematik und Mechanik, vol. 1 
no. Feb. 1931, pp. 45-58, 9 figs. Deaeeatinel 
we alsinen for determining temperature of 
certain points at giv en time or to find temperature 
changes of certain points as function of time; 
numerical examples. 

MEASUREMENTS. Procédé de mesure des 
coefficients de conductibilite calorifique (Method 
of Measurement of Heat Conductivity Coeffi- 
cients), Heyberger. Société Francaise des Elec- 
triciens—Bul., vol. 1, no. 11, Nov. 1931, pp. 1226- 
1234, 7 figs. Heat transmission through walls; 
methods used as Conservatoire des Arts et 
Métiers; coefficient for solid cylinder; experi 
mental verifications. 

HELICOPTERS 

StraBiLity. La stabilita degli elicotteri (Sta- 
bility of Helicopters), U. deCaria peal ol 
vol. 5, no. 7, July 1931, pp. 471-476, 6 figs 
Relative merits of different methods of control 
with particular regard to means of balancing of 
reaction forces of lifting screw. 

HONING MACHINES 

HyprRautic - Drive. Hydraulically - Oper- 
ated Cylinder-Honing Machine. Engineering, 
vol. 132, no. 3440, Dec. 18, 1931, p. 760, 5 figs. 
partly on p. 761. Machine constructed by 
Mayer and Schmidt, A.G.; there is no separate 
work table, this being formed by base to which 
main column is bolted. 


HYDRAULIC LABORATORIES 


Unitep Srates. Work Starts on National 
Hydraulic Laboratory in Washington, B. R. Van 
Leer. Eng. News-Rec., vol. 107, no. 26, Dec. 
24, 1931, pp. 996-998, 2 figs. Planning and 
campaigning for National Hydraulic Labora- 
tories; contract for construction of laboratory 
let at $294,887; main experimental flume will be 
12 ft wide, 12 ft deep and approximately 234 ft 
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comparison with other hydraulic labora- 
purposes and major features of laboratory 


long; 
tories; 


HYDRAULIC TURBINES 


TYPES AND APPLICATIONS 
des chutes d'eau et les turbines 
(Utilization of Water Falls and 
Turbines), A. Ténot. Chaleur et Industrie, 
vol. 12, nos. 137 and 139, Sept. and Nov. 1931, 
pp. 483-490 and 603-612, 19 figs. Sept. 1 
Survey of present-day water-wheel and hydraulic 
turbine practice; tendencies in their design and 
construction; classification of water wheels and 
turbines; Kaplan turbines; conical diffusers 
Nov.: Various types of runners illustrated and 
described; runner mounting; efficiency curves 


HYDROELECTRIC POWER DEVELOPMENTS 


L'aménagement 
hydrauliques 
Hydraulic 


Quesec. Beauharnois Harnesses St. Lawrence 
for 2,000,000 Hp. Elec. World, vol. 98, no. 20, 
Nov. 14, 1931, pp. 860-865, 10 figs. Provision 


electrically driven 
four 50,000-hp 


also made for deep waterway; 
machinery used for excavation; 
units constitute initial installation; six more to 
be added during next three years; detailed 
illustration of operating gallery between wheel 
and generator levels. 


HYDROELECTRIC POWER PLANTS 


Erriciency. Sur le rendement des centrales 
hydroelectriques (Efficiency of Hydroelectric 


Power Plants), Loubry. Société Francaise des 
Electriciens— Bul., vol. 1, no. 11, Nov. 1931, pp. 
1198-1201, 1 fig Efficiency plays more im- 


portant part in hydroelectric power plants than 
in steam plants, as output is also limited by 
available water; short mathematical analysis. 

MANITOBA. Winnipeg Hydro-Electric Sys- 
tem’s Slave Falls Development Elec. News and 
Eng., vol. 40, no. 23, Dec. 1, 1931, pp. 27-31, 
9 figs. Development located 80 miles northeast 
of Winnipeg, put into commercial operation on 
Sept. Ist; at present, two of ultimate eight 
12,000-hp units are in operation although it is 
expected that plant will reach its full capacity 
on or before peak load period of year 1935 

PuMPED-STORAGE. Ackumulering av hydraul- 
isk energi (Accumulation of Hydraulic Energy), 
K. A. Ahlfors. Tekniska Foereningens i F inland 
Foerhandlingar, vol. 51, no. 8, Aug. 1931, pp. 235- 
246, 23 figs. Methods of providing power re- 
serve for peak-load requirements; representative 
German installations, with particular regard to 
pumping equipment 


INDUSTRIAL MANAGEMENT 

BupGet CONTROL Building Budgets for 
Incentives and Standard Costs, R. E. Case. 
Factory and Indus. Mgmt., vol. 82, no. 5, Nov 
1931, pp. 650-652, 1 fig. Method of combining 
budget to serve as basis for standard costs and 
bonus systems, which does not work out in prac- 
tice; methods of efficient budget control; con- 
struction of standard cost line. 


AccounTING. Cost Control. Power, 
Nov. 24, 1931, pp. 731 
numerous figs. Fundamental approach to power 
costs; master chart of power services; accounting 
based on master chart; master chart examples; 
plant accounting; hydro, Diesel, engine or tur- 
bine, turbine unit, boiler, water pumping, water 
heating, air compressing, compressor refriger- 
ation, absorption refrigeration, and air condition- 
ing plant costs; power-cost control applied to 
industrial plant. 

INVENTORY CONTROL. Simplicity and Ac- 
curacy Are Features of This Inventory System, 

J. Berliner. Modern —— Shop, vol. 4, 
no. 6, Nov. 1931, pp. 20-22, 24, 26, 28, 70, and 
72-73, 4 figs. Inventory- Shien at plant of 
Pressed and Welded Steel Products Co. 

Jos ANnatysis. What Is Skill Worth? 


Cost 


vol. 74, no. 21, 776, 


H. H. 


Tullis. Factory and Indus. Mgmt., vol. 82, no. 
5, Nov. 1931, pp. 623-625, 4 figs. Outline of job 
classification employed by American Rolling 


Mill Co., Middletown, Ohio; principles set up as 
guide in ranking jobs on skill and pay basis; 
selected jobs showing effect of classification plan 
on present job earnings. 

Motion Stupy. Manufacturing 


Costs Re- 


duced by Application of Motion Study, N. 
Bournes. Mech. World, vol. 90, no. 2341, Nov. 
13, 1931, pp. 478-481, 2 figs. Analysis of how 


reductions were made by investigating operator’s 
movements when engaged on particular type of 
work 

MEASUREMENT. Der absolute  Beschaefti- 
gungsgrad (Absolute Factor of Occupation), C. 
Klotzsch and R. Kuebler. Technik und Wirts- 
chaft, vol. 24, no. 10, Oct. 1931, pp. 241-244, 2 
figs. Factor is defined according to Verein 
Deutscher Maschinen Anstalten, as_ relation 
between number of workers multiplied by sched- 
uled working time to effective man-hours; ap- 
plication in cost calculation and introduction of 
absolute factor of occupation and its advantages. 





OrriceE MANAGEMENT. Das neuzeitliche Bu 
ero (The Modern Office), G. Brandi. Technik 
und Wirtschaft, vol. 24, no. 9, Sept. 1931, pp 
213-217, 2 figs. Success in modern office organi 
zation depends on three elementary factors, 
i.e., planning of work, employees and working 
equipment and their adequate application in 
operating 
ORGANIZATION. 

in Wechselwirkung 


Konstruktion und Fertigung 
(Relation Between Design 
and Production), E. A. Kraft. Machinenbau, 
vol. 10, no. 17, Sept. 3, 1931, pp. 559-562, 3 figs 
Policies of promoting team work between engi 
neers in production and design; benefits derived 
from combination of theory and practice illus 
trated by examples; wider application of stand 
ards. 


PRODUCTION 
Schedule to 


ConTROL. Fitting Working 
Decreased Demand—I and II 
Factory and Indus. Mgmt., vol. 82, nos. 4 and 5 
Oct. 1931, pp. 512-514 and Nov., pp. 655-656 
Practical review of proper methods of planning 
production schedules and profits when business 
is slack; outline of system employed in German 
factory; labor computations; company analysis 
of effects on costs and profits 

Hilfsmittel fuer die Kontrolle der laufenden 
Betriebs-Unkosten (Means for Control of Current 
Operating Costs), W. Mueller-Paersch Mas 
chinenkonstrukteur, vol. 64. no. 19-20, Oct. 10 
1931 (Supp.), pp. 209-210, 3 figs. Graphical 
representation of principal factors entering into 
cost of production, particularly of overhead 

Output Regularized Despite Fluctuating De 
mands, G. E. Schloot Iron Age, vol. 128, no 
20, Nov. 12, 1931, pp. 1223-1227 and 1281, 7 figs 
To avoid necessity of fluctuations in plant activity 
to meet uneven outflow of products, Diamond 
Chain & Mfg. Co., Indianapolis, devised produc 
tion-control system that aims to regularize out 
put; plan enabled company to reduce production 
costs, improve quality of products and insure 
prompt deliveries 

Production Control in Drop Forge Plants, L. E 
Ruby. Heat Treating and Forging, vol. 17, no 
11, Nov. 1931, pp. 1029-1033, 7 figs Organiza 
tion of production control at plant of Pittsburgh 
Forgings Co., Jackson, Mich.; blanks for pro 
duction estimate, shop order, work ticket, ma 
chine schedule, etc 


Unified Production Methods—I and II, J. J 
Phalen. Factory and Indus. Mgmt., vol. 82, 
nos. 4 and 5, Oct. 1931, pp. 485-487, and Nov 
pp. 642-646, 6 figs. Unified code of standards for 
simplified superintendence of production, en 
veloping control of raw material, finished product 
inventories and budgeting, now in operation at 
Mergenthaler Linotype Co., Brooklyn, N. Y¥ 


records and operating features of production 
schedule. 

Time Stupy. Die  Beruecksichtigung der 
Arbeitsintensitaet in der Arbeitsmessung (Con- 


tinuation of Working Intensities in Measurement 
of Work), E. Kupke. Werkstattstechnik, vol 
25, no. 14, July 15, 1931, pp. 345-348. Develop 
ment of — formula for work and establish 
ment of relations between work measurement and 
compensation ; measurement of working intensi- 
ties according to Refa and Bedaux. 
Psychology and Salesmanship in Applying 
Time Study, R. W. Gray. Am. Mach., vol. 75, 
26, Dec. 24, 1931, pp. 964-966, 1 fig. Inter- 
pretation of experiences relating to incentive and 
operation analysis in different departments of 
Westinghouse Electric and Manufacturing Co 


INTERNAL-COMBUSTION ENGINES 


Coat-Dust. See Diesel Engines (Pulverized- 


Fuel). 
Coo.tinc. Untersuchungen ueber den Einfluss 
stein- und rostfreier Kuehlwasserraeume auf 


Leistung und Brennstoffverbrauch bei Explosions- 
motoren (Investigation of Scale and Corrosion- 
Proof Cooling-Water Chambers on Efficiency and 
Fuel Consumption of Explosion Engines), H. 
Balcke. Waerme, vol. 54, nos. 51-52, Dec. 19, 
1931, pp. 948-951, 3 figs. Results of tests on 4- 
cylinder Buessing engine; advantages of engines 
with treated cooling water. 


CytinpER Heaps. Einwandfreie Zylinder- 
ear Cones (Satisfactory Cylinder Head 
Gaskets), O. Wieszner. Deutsche Motor-Zeit., 
vol. 8, nos. 8 and 10, Aug. 1931, pp. 284-285 and 
Oct., pp. 360, 362, 364, and 366, 7 figs. Require- 
ments of gaskets for reliable performance; ad- 
vantages of ‘“‘Renz-Spezial’’ gaskets with toler- 
ance 0.03 mm, made in thicknesses of 0.6—0.8 and 


1.2-1.5 mm; asbestos and wire-mesh combina- 
tion. 
[See also Airplane Engines; Diesel Engines; 


Gas Engines; Oil Engines.| 


IRON-FOUNDRY PRACTICE 
ELECTRIC MELTING. Electric Process for Iron 
for Cylinder and Cylinder-Head Castings, H. E. 





MeEcHANICAL ENGINEERING 


Bromer. Am. Foundrymen’s Assn.—Trans. and 
Bul., vol. 11, no. 12, Dec. 1931, pp. 585-601, 5 
figs. In order to produce consistently better 
grade of iron than was possible by cupola melting 
alone, electric furnace was installed; experi 
mental work was carried on while using both 
types of melting furnaces; later, duplex process 
was used; details of various practices 


Latues 

MANUFACTURE Fliessende Fertigung im 
Drehbankbau (Continuous Production in Manu 
facture of Lathes), W. V. Schuetz. Werkstatts 
technik, vol. 25, no. 16, Aug. 15, 1931, pp. 389 
396, 13 figs. Economies represented by plant 
layout and production methods of company 
forming Vereinigten Drehbankfabriken-A.G 
examples illustrate application of diamond and 
interchangeability of parts 

SeLection. Auswahl von Drehbaenken (Se 
lection of Lathes), P. Uhlich. Werkstattstech 
nik, vol. 25, no. 14, July 15, 1931, pp. 350-352 
7 figs. Requirements of lathes for different types 
of work including internal-combustion engines 
electric motors, shafts and shafting, small parts 
of screw stock, etc 
LOCOMOTIVES 

ARTICULATED. Western Pacific Operating 2 
8-8-2 Types in Fast-Freight Service. Ry. Age 
vol. 91, no. 26, Dec. 26, 1931, pp. 975-976, 2 figs 
Six locomotives recently purchased from Baldwin 


used on western division to replace 2-6-6-2 
2-8-2, and 2-8-0 type locomotives design and 
operating features principal weights and di 


mensions of Western Pacific simple articulated 
2-8-8-2 type locomotives compared with those of 
locomotives displaced 

BoILerRs Einwirkung des Kesselsteins auf 
den Wirkungsgrad des Lokomotivkessels (Effects 
of Boiler Deposits on Efficiency of Locomotive 
Boilers), F. Boehm. Organ fuer die Fortschritte 
des Eisenbahnwesens, vol. 86, no. 14, July 15 
1931, pp. 299-303, 7 figs. Experimental in 
vestigation of effects of deposits in various parts 
of boiler on fuel consumption and cost of oper 
ation by German state railroads 

Compounp. Compound Locomotives: Their 

Practical Economy and Disadvantages, E. I 
Diamond. Ry. Engr., vol. 52, no. 622, Nov 
1931, pp. 430-432, 8 figs. Review of factors 
which influence performance of compound engine 
design and operating characteristics at various 
speeds. 
Diesel Locomotive Solves Railroad 
Allen Power, vol. 74, no. 26 
Dec. 29, 1931, pp. 928-931, 7 figs. Ojil-engine 
locomotives, while still few in number proved 
their efficiency and adaptability in varied fields of 
application, from switching service to high-speed 
main-line passenger service; review of design and 
operating developments, together with specific 
examples 

High Power Slow Speed Diesel Electric Switch 
ing Locomotive Diesel Power, vol. 9, no. 10 
Oct. 1931, pp. 499-501, 5 figs. Design, con 
struction and operating features of Diesel-electric 
locomotives manufactured by Heisler Locomotive 
Co., Erie, Pa.; speed sacrificed to starting torque 
data derived from dynamometer and road tests 

Small Diesel Locomotives. Ry. Gaz., vol. 55 
no. 22, Nov. 27, 1931, pp. 684-686, 5 figs. New 
types developed by Motor Rail Ltd., of Simplex 
Works, Bedford, for use on railways and by indus 
trial concerns; design and operating character 
istics of Simplex Diesel locomotives for 2 ft gage 
and standard gage 

DrrRect-STEAMING. Direct Steaming Effects 
Fuel Economy and Increases Locomotive Avail 
ability, L. C. Winship Combustion, vol. 3, no 
5, Nov. 1931, pp. 17-19, and 27, 4 figs Design 
and operating characteris:ics of direct steaming 
installation at new Boston Terminal of Boston 
and Maine Railroad; outline of main operating 
advantages. 

Evectric. Descrizione delle locomotive trifasi 
gruppo E 554 ed E 432 (Description of Three- 
Phase Locomotives Types E 554 and E 432) 
G. Bianchi and S. Elena. Revista Tecnica delle 
Ferrovie Italiane, vol. 39, no. 6, June 15, 1931, 
pp. 257-293 and vol. 40, no. 1-2, July 15-Aug. 15, 
pp. 11-40, 89 figs. partly on supp. plates. Com- 
plete details and drawings of locomotives for 3000 
volts, 15 cycle, total output 1500 kw, at speed of 
25 and 50 km per hr, respectively, tractive effort 
10,500 and 14,000 kg. 

FEEDWATER Heaters. Scale Prevention in 
Closed Feedwater Heaters, J. Alsberg. Ry 
Mech. Engr., vol. 105, no. 11, Nov. 1931, pp. 537- 
538. Results of research begun by Superheater 
Co., in 1922 to eliminate scale in closed feedwater 
heaters; use of anti-foaming compounds; tannin- 
brick treatment. 


GASOLINE-ELECTRIC. 
motive Placed in Service. 


DIESEL. 
Problems, O. F 


New Gas-Electric Loco- 
Motive Power, vol. 2, 
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no. 11, Nov. 1931, p. 15, 3 figs. Design and 
operation of 50-ton gas-electric locomotive for use 
in local passenger service constructed by Vulcan 
Iron Works, Wilkes-Barre, Pa locomotive 
powered by two 175-hp, 6- cylinder LeRoi gasoline 
engines, each direct connected to 500-volt gener- 
ator 


TESTING 


Marcu, 


Santa Fe Locomotive 5000 Shows 
High Sustained Power. Ry. Mech. Engr., vol 
105, no. 12, Dec. 1931, pp. 569-572, 13 figs 
Develops drawbar pull of 82-500 Ib at 15 mph 
and 50,000 Ib at 33 mph, equivalent to 4350 
drawbar-hp; general characteristics and dimen 
sions of Santa Fe locomotive 5000; tabular re- 
view of general performance; condensed profile of 
Atchison, Topeka and Santa Fe, Pecos Division, 
between Clovis, N. M., and Belen. 

Vatve GEARS Die Entwicklung der Ventil 
steuerungen bei den Oéesterreichischen Bundes 
bahnen (Development of Valve Gears of Austrian 
Federal Railroads), A. Lehner. Organ fuer die 
Fortschritte des Eisenbahnwesens, vol. 86, no. 5, 
Mar. 1, 1931, pp. 129-138, 10 figs. Design and 
operating characteristics of principal valve gears 
with particular regard to Lentz and Caprotti 
types 


LUBRICANTS 

REQUIREMENTS. Anforderungen an Schmier- 
mittel (Requirements of Lubricants), C. Walther 
Maschinenbau, vol. 10, no. 21, Nov. 5, 1931, pp 
670-675, 8 figs. Selection of lubricating oil; 
viscosity and dependence on temperature; semi 
liquid friction and “‘oiliness,"’ changes in lubri- 
cants through long use Bibliography 


LUBRICATION 

FILM ADHERENCE Recherches expérimentales 
sue l'adhérence aux métaux des couches lubrifi 
antes (Experimental Investigation of Adhesion of 
Lubricating Films to Metals), A. Boutaric and 
R. Amiot Académie des Sciences—Comptes 
Rendus, vol. 193, no. 15, Oct. 12, 1931, pp. 593 
594 Investigation of importance of thickness of 
lubricating film and of metallic support 


MAacHINE TOOLS 


CASTINGS Die Eigenschaften des Gusseisens 


guter Gleitbahnen von Werkzeugmaschinen 
betten, etc. (Properties of Cast Iron for Slides of 
Machine-Tool Beds and Methods of Manufac 
ture), R. Marker. Giesserei, vol. 18, no. 47-48 


Nov. 27, 1931, pp. 901-905, 1 fig Properties 
required of machine-tool slides; structure with 
pearlitic ground mass, thin-layer eutectic graphite 
and only slight phosphide content recommended 
as characteristics which cast iron for machine-tool 
beds should possess 


CUTTING PRESSURE Neues Verfahren zur 
Messung schnellwechselnder mechanischer 
Kraefte (New Method of Measuring Rapidly 


Changing Mechanical Forces), A. Wallischs and 
H. Opitz. Stahl und Eisen, vol. 51, no. 48, Nov 
26, 1931, pp. 1478-1479, 5 figs. Patented 
method developed in laboratory of Aachen Insti 
tute of Technology for inertia-free measurement 
of faces by electrical means, especially cutting 
forces in machine tools 

NITRIDED STEEI Neuere Erfahrungen mit 
Nitrierstahl, insbesondere im Werkzeugmaschin 
enbau (Recent Experiences With Nitrided Steel, 
Especially in Machine-Tool Construction), W 
Haufe and F. Bruehl Kruppsche Monatshefte, 
vol. 12, Nov. 1931, pp. 295-299, 9 figs. Ad- 
vantages of nitrided steel; behavior of nitrided 
gear wheels as drive for heavy machine tools; 
after 10,000 working hours not slightest deterior 
ation was apparent; results of tests on spindles, 
crankshafts, etc 

Diversified Replacement in Small Plant, D. S 
Linton. Aim. Mach., vol. 75, no. 26, Dec. 24, 
1931, pp. 946-952, 18 figs. Machining costs were 
cut 18.6 per cent in 2'9 years, assembly costs 38 
per cent in half that time and quality was im 
proved as result of thoroughgoing replacement 
policy adopted by Rotor Air Tool Co 

Profitable Replacement in ‘‘Average Lot” 
Plant, H. P. Bailey. Am. Mach., vol. 75, no. 23 
Dec. 3, 1931, pp. 836-853, 19 figs. Equipment 
replacement policy of Warner and Swasey shop; 
effect of variations in saving of production time, 
with same per cent of activity and with same in- 
vestment; effect of varying percentages of ac- 
tivity on time to repay; effect of business condi- 
tions on replacement policy 

Replacing Equipment to Decrease 
tance, G. S. Tracy. Am. Mach., vol 
Nov. 12, 1931, pp. 743-753, 17 figs 
policy of Geometric Tool Company, 


Sales Resis- 
75, no. 20, 
Replacing 

New Haven, 


Conn.; production capacity doubled with floor- 
space reduction by 60 per cent. 
MACHINERY 

VisraTions. Elimination of Vibration, R. B, 


Grey. Mech. World, vol. 90, no. 2342, Nov. 20, 
1931, pp. 505-508, 4 figs. Outline of principles 





and methods author has used to prevent trans- 
mission of vibration and noise from machinery in 
general and Diesel engines in particular. 


Svingninger I Maskindele (Vibrations in 
Machine Parts), A. R. Holm. Ingenioeren, vol. 
40, no. 28, July 11, 1931, pp. 338-346, 19 figs. 


Theoretical aspects of principal types of vibra- 
tions; harmonic = sis of vibrations in internal 
combustion engines; methods of damping. 


MATERIALS HANDLING 

GERMANY. Mechanical Handling in Germany, 
T. Rich. Mech. Handling, vol. 18, no. 11, Nov. 
1931, pp. 363-364, 4 figs. Remarkable progress 
has taken place in Germany in last 20 years 
regarding mechanical handling, not merely where 
materials in large bulk are concerned, but also 
where moderate quantities are in question; 
review of developments in equipment and meth- 
ods employed 

RAILROAD REPAIR SHops. Trucks and Trac- 
tors Show Economies in Material Handling. Ry. 
Elec. Engr., vol. 22, no. 12, Dec. 1931, pp. 317- 
319 and 334, 14 figs. Chesapeake and Ohio 
develops system of shop transportation using both 
electric and gasoline equipment at Russell, Ky. 
and Huntington, W. Va.; color-light signals 
employed in transportation systems. 


METALS 


Co_tp Rotumc. Cold Rolling Machines. 
Machy. (Lond.), vol. 39, no. 999, Dec. 3, 1931, 
pp. 297-299, 7 figs Operating principles of 
design by Williams Manufacturing Co.; use of 
epicyclic rollers; advantages from point of view 


of rapid and accurate production and waste 
elimination 

CREEP. Photographic Creep Testing Appa- 
ratus, D. A. Roberts and R. L. Dowdell Metals 


and Alloys, vol. 2, no. 6, Dec. 1931, pp. 349-351, 
5 figs. Combination of furnace and camera 
constructed at University of Minnesota; appa- 
ratus for determination of flow of metals at 
elevated temperatures 

DEFORMATION. Ueber bildsame 
in Rechnung und Versuch (Plastic Deformation 
in Calculations and Tests), E. Siebel. Stahl und 
Eisen, vol. 51, no. 48, Nov. 26, 1931, pp. 1462 
1468, 13 figs. Review of research on behavior of 
metals; comparison of elastic and plastic def- 
ormation investigations of creep of metals; 
rolling pressure and efficiency; stress conditions 
with slight permanent deformations losses due 
to metal working, such as drawing, forging, and 
rolling 


Formgebung 


Extrusion of Metals—V and VI, 
C. A. Colombel Rolling Mill J1., vol. 5, nos. 11 
and 12, Oct. 1931, pp. 667-670 and Nov., pp 
719-722, 6 figs. Oct.: Extrusion of hollow 
sections, particularly extrusion of round tubing. 
Nov.: Principles and practice employed in 
extrusion and drawing of non-ferrous tubing. 
Licut. Einfluss der Probestabform auf Zug- 
festigkeit und Bruchdehnung von duennen 
Leichtmetallblechen (Effect of Shape of Test Piece 


EXTRUSION 


on Tensile Strength and Elongation of Thin 
Sheets of Light Metals), K. Schraivogel. Jahr- 


buch 1931 der Deutschen Versuchsanstalt fuer 
Luftfahrt—Jahrestericht der Stoff-Abteilung, 
pp. 485-494, 18 figs. Author concludes that test 
piece of same shape may be used for various 
thicknesses of sheet, comparable results being 
obtained with duralumin, lautal, elektron. 

MACHINABILITY. Machinability of Metals, 
A. H. d’Arcambal. Can. Chem. and Met., vol. 
15, no. 10, Oct. 1931, pp. 270-272. Author 
recommends high-manganese steels, sulphonated 
cutting oils, and chromium-plated tools; field is 
seen for tantalum carbide-tungsten carbide tool 
material. Before Am. Soc. Steel Testing. 

MACHINING. Forschung und Praxis auf dem 
Gebiete der spanabhebenden Formung (Research 
and Practical Experience in Chips Producing 
Shaping), M. Kronenberg. Sparwirtschaft, vol. 
9, no. 9, Sept. 1931, pp. 355-363, 8 figs. New 
viewpoints on progress in cutting speed, cutting 
pressure, required power and chipping tables for 
turning; practical design examples. 


MILLING CUTTERS 

PowER REQUIREMENTS. Rechnungsgrund- 
lagen zur Ermittlung des Leistungsbedaries bei 
Walzenfraesern (Calculating Data for Determin- 
ing Power Requirements for Cylindrical Milling 
Cutters), G. Schlesinger. Werkstattstechnik, 
vol. 25, no. 17, Sept. 1, 1931, pp. 409-413, 8 figs. 
Further development of calculation by O. Salo- 
mon, which includes specific cutting pressure, 
chip dimension, speed, feed, and diameter; data 
on milling of electron, brass, steel, and cast iron. 


Ol ENGINES 
H1GuH-SPEED. 
Engine. Gas and Oil Power, vol. 
Nov. 5, 1931, pp. 325-326, 2 figs. 


Tangye High-Speed Heavy-Oil 
26, no. 314, 
Design and 
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constructional features of single-cylinder, high- 
speed, cold-starting, vertical, heavy-oil engine, 
designed to give 8-10 bhp at 1000-1200 rpm. 


PHOTOELECTRIC CELLS 


INDUSTRIAL APPLICATIONS. Photo - Tubes 
Have Wide Field in Plant Operations, B. S. 
Havens. Automotive Industries, vol. 65, no. 24, 
Dec. 12, 1931, pp. 902-904, 4 figs. Intermittent 
and line-welding machine equipped with Thy- 
ratron control; automatic indication of passage of 
refrigerator unit through production;  wire- 
drawing machine equipped with Thyratron 
control of rereeling tension; automatic switching 
mechanism on system of conveyors. 


PIPE JOINTS 

WELDED. Design of Special Pipe Joints, S. 
Hirschberg. Welding Engr., vol. 16, no. 12, 
Dec. 1931, pp. 27-31, 14 figs. Engineering 
phases of welded piping installations as reflected 
by recent developments in pipe fittings for welded 
construction; expansion bends and_ relative 
flexibility of elbows; welded headers and shop 


fabrication. Before Int. Acetylene Assn 
PRESSES 

HypRaAvuLic. Hydraulic Presses in Steel Indus- 
try, E. Pfann Eng. Progress, vol. 12, no. 7, 


July 1931, pp. 155-157, 4 figs. Design and 


operating characteristics of following: forging 
presses; plate forming and flanging presses 
riveting machines; frame; perforating, drawing 


and upsetting presses 

TOGGLE Humphris Press. Engineer, vol. 
152, no. 3961, Dec. 11, 1931, pp. 632-633, 4 figs. 
System of press-tool work devised by F. Humph- 
ris, and manufactured by Mass Products, Ltd.; 
idea is to provide toggle press which is so uniform 
in its pressing that full-sized sheet of metal as 
ordinarily rolled can be operated upon for pro- 
duction of multiplicity of small articles at one 
stroke across its whole width 


PRESSURE VESSELS 


Desicn. Berechnung der Aussteifungspringe 
von Fachwerken (Design of Stiffening Rings for 
Framed Structures), P. Michnik. Bauingenieur, 
vol. 12, no. 44, Oct. 30, 1931, pp. 787-789, 4 figs. 
Theoretical mathematical discussion leading to 
derivation of formulas for design of stiffeners for 
framed pressure vessels, such as gas holders, 
cooling towers, etc. 


PRINTING MACHINERY 


VIBRATIONS. Reducing Effects of Vibration 
by Means of Isolating Devices, M. F. Baldwin. 
Inland Printer, vol. 88, no. 3, Dec. 1931, pp. 45- 
48, 6 figs. Comments of printers and press 
manufacturers concerning harmful effects of 
excessive machinery vibration and noise and 
methods of reducing them; outstanding charac- 
teristics of standard vibration-absorbing ma- 
terials available for printing-plant use. 


PULVERIZED COAL 
See Conveyors. 


PUMPS 
CENTRIFUGAL. Selection and Operation of 
Centrifugal Pumps, M. Phillips. Power, vol. 74, 


no. 24, Dec. 15, 1931, pp. 861-863, 3 figs. In- 
structions for proper selection, installation, and 
maintenance. 


Rait MOTOR CARS 

Dieset. Application of Diesels to Railcar 
Transportation, O. F. Allen. Power, vol. 74, 
no. 24, Dec. 15, 1931, pp. 864-866, 6 figs. Brief 
historical review of rail motor car development; 
Diesel engine application to rail motor car service; 
Diesel engine drive characteristics. 

SwITZERLAND. En marge du probleme des 
automobiles sur rails (Automobiles on Rails). 
Bul. Technique de la Suisse Romande, vol. 57, 
no. 22, Oct. 31, 1931, pp. 276-278, 2 figs. Ex- 
periments with Saurer automobile in 1908 show 
possibilities of pneumatic tires on rails. 


Digsevt-Evectric. New Diesel-Electric Rail 
Cars. Ry. Gaz., vol. 55, no. 25, Dec. 18, 1931, pp. 
776-779. General arrangement and dimensions 
of rail car; plotted data secured on test run on 
L.N.E.R., and gradient profile of line concerned; 
power equipment; automatic features. 

250 B.H.P. Oil-Electric Rail Coach. Engi- 
neer, vol. 152, no. 3962, Dec. 18, 1931, pp. 658-— 
659, 3 figs. Armstrong, Whitworth have pro- 
duced standard form of coach, to meet require- 
ments of services in Great Britain; electric trans- 
mission consists of d.c. generator, driven by en- 
gine supplying current to two traction motors; 
seating capacity of car, 60; max. speed, 65 mph; 
6-cylinder engine is of standard “‘Armstrong- 
Sulzer’’ 4-stroke locomotive type; trials on 
L.N.E.R. system. 
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RAILROAD ROLLING STOCK 


STREAMLINING. Wer hat den Schienen-Zepp 
erfunden? (‘‘Who Has Invented Rail-Zeppelin?’’), 
J. Rozendaal. Motor (Berlin), vol. 19, nos. 8 
and 9, Aug. 1931, pp. 7-11 and Sept., pp. 15-21, 
26 figs. Work and patents pertaining to stream- 
lining and propeller drives of Baudry, Andrews, 
Felts, von Thal, Weiss, Castanho, Fawkes, 
Weems, Hutchinsons, Kruckenberg and Wie- 
singer. 


RAILROAD TRAIN CONTROL 


Automatic. Strowger-Hudd Automatic Train 
Control System. Engineering, vol. 132, no. 
3438, Dec. 4, 1931, p. 710, 1 fig. System consists 
of number of inductors laid between running 
rails and are either permanently in operation or 
are switched in by movement of signal levers, 
depending on duty they are required to perform. 

Vacuum-Tusg. Electronic Equipment in 
Train Control. Electronics, vol. 3, no. 6, Dec. 
1931, pp. 218-22 , 5 figs. Reliability of vacuum 
tubes in industrial applications is shown by their 
practical use in railway signal control systems; 
approximately 7000 miles of track are protected 
by continuous control signal apparatus and 4500 
engines are equipped with amplifier receivers. 


ROLLING MILLS 
ALUMINUM. See Aluminum (Rolling Mills). 


PRACTICE, DEVELOPMENTS IN. Some Recent 
Advances in Rolling Plant, W. J. P. Rohn. 
Metal Industry (Lond.), vol. 39, no. 20, Nov. 13, 
1931, pp. 461-464, 11 figs. Developments in 
rolling equipment and practice; diagram showing 
variation in power demand when rolling different 
alloys. Before Inst. Metals. 


SprinGs 

LAMINATED. Springs and Spring Steel. Engi- 
neering, vol. 132, no. 3441, Dec. 25, 1931, p. 795 
Review of (Great Britain) Department of Sci- 
entific and Industrial Research, Report of Springs 
Research Committee, published by H. M. Sta- 
tionery Office, London, investigations directed 
particularly to laminated bearing springs for 
mechanically propelled vehicles, and to helical 
engine-valve springs. 

Ueber die Ermittlung der statischen Biege- 
spannungen in geschichteten Federn, H. Stark. 
Automobiltechnische Zeit., vol. 34, no. 33, Nov. 30, 
1931, pp. 751-756. Determination of unknown 
forces acting between leaves by means of measure- 
ment of deformation of leaves of vertically loaded 
leaf springs with subsequent calculation of actual 
bending stresses in individual leaves of this 
spring. 


STEAM 


RESEARCH. Steam Research in Europe and in 
America—III, M. Jakob. Engineering, vol. 132, 
nos. 3437, 3438, 3439, and 3441, Nov. 27, 1931, 
pp. 684-686, Dec. 4, pp. 707-709, 10 figs., Dec. 11, 
pp. 744-746, 8 figs., and Dec. 25, pp. 800-804, 
9 figs. Nov. 27: Fundamental thermodynamical 
properties of water and steam. Dec. 4: Inter- 
national cooperation; survey of different experi- 
mental bases as a whole. Dec. 11: Special 
thermal properties and processes of water and 
steam (dynamical properties). 4th lecture before 
Univ. London. Dec. 25: Specialt hermal prop- 
erties and processes of water and steam (dy- 
namical properties). 


STEAM ACCUMULATORS 


Prez Lines. Die Dampfspeicher-Anlage im 
Kraftwerk Charlottenburg (Steam aeeites 
Installation in Charlottenburg Power Plant), 
Halle and J. Schmidt. Waerme, vol. 54, nos. 7 
and 51-52, Dec. 12, 1931, pp. 920-925 and Dec 
19, pp. 943-947, 21 figs. pecial consideration 
given to connection, pipe lines and fittings, and 
how difficulties of suitable installation of pipe 
lines and their fittings have been overcome. 


STEAM CONDENSERS 


Data on. Condensers and Condenser Aux- 
iliaries. Power Plant Eng., vol. 35, no. 24, Dec. 15, 
1931, pp. 1192-1193, 3 figs. New record in 
condenser and cooling-tower size for central- 
station service; multistage condensate and heater 
pumps; new air-pump arrangement; tabular 
information pertaining to condensers and aux- 
iliaries for some 21 stations. 


STEAM-ELECTRIC POWER PLANTS 


Arr PoLLuTION. Power Stations and Air 
Pollution, S. L. Pearce. Engineer, vol. 152, no 
3961, Dec. 11, 1931, p. 621. Measures available 
for eliminating smoke and ash and dust content 
of flue gases; research work on elimination of 
sulphur oxides from flue gases by London Power 
Co.; sulphur eliminations of order of 97 to 98 per 
cent are continuously obtained from gases; there 
has been also gradual reduction in cost of treating 
gases. From address before Junior Instn. Engrs., 
on generation and transmission of power. 


Desicn. Developments in Power Station 
Design, S. L. Pearce. Engineering, vol. 132, no. 
3439, Dec. 11, 1931, pp. 739-740. Progress dur- 
ing past 20 years; factors influencing design and 
operation of power stations; present movement 
in direction of higher steam pressures and tem- 
peratures, reheating, regeneration, feed heating, 
and binary-fluid cycles. Before Junior Instn. 
Engrs. 

Most Efficient Power Station in Great Britain, 
D. Brownlie. Combustion, vol. 3, no. 5, Nov. 
1931, pp. 33-36 and 44, 6 figs. Design and oper- 
ating characteristics of Kearsley power plant, 
which is said to be most efficient station in Great 
Britain; operating results of year ending Dec. 
31, 1931. 

LINCOLN, NgB. Modern Design, Medium- 
Sized Station. Elec. World, vol. 98, no. 26, 1931, 
pp. 1126-1127, 5 figs. Design of new plant of 
Lincoln, Neb., Light and Power Engineering and 
Construction 'Co.; station arranged for special 
conditions which include sale of bled steam at 
125 lb gage 

Urucuay. State Electric Power Station, 
Montevideo. Engineering, vol. 132, nos. 3435, 
3437, 3440, and 3441, Nov. 13, 1931, pp. 599-601, 
Nov. 27, pp. 657-660, Dec. 18, pp. 749-752 and 
764, and Dec. 25, pp. 785-789 and 792, 59 figs. 
partly on supp. plate. Plant will have ultimate 
capacity of 120,000 kw; first portion comprises 
two 25,000-kw turbo-alternators with 8 water- 
tube boilers of Babcock and Wilcox C.T.M. type; 
each boiler has 10,892 sq ft heating surface. 


STEAM ENGINES 


CoMBINED ENGINE AND TURBINE. Improve- 
ment of Steam Reciprocating Engine, A. Bjork- 
lund. Engineering, vol. 132, no. 3439, Dec. 11, 
1931, p. 734. Review of paper before Institute of 
Fuels, on method of utilizing toe of diagram, 
according to which exhaust-steam turbine is 
coupled to electric generator; 10 to 15 per cent of 
energy developed is utilized for running aux 
iliaries; remainder is employed to reheat steam on 
its discharge from high-pressure cylinder; appli- 
cation to ship propulsion. 


STEAM PIPE LINES 


CALCULATION. Designing High Temperature 
Steam Piping, A. McCutchan. Heat., Piping 
and Air Conditioning, vol. 3, no. 11, Nov. 1931, 
pp. 918-923, 8 figs. Design characteristics of 
joints for piping 1000-F steam at Delray Plant of 
Detroit Edison Co.; development of spring to 
absorb creep. 

MULTI-PRESSURE SysTeM. Piping High, In- 
termediate and Low Pressure Steam Economi- 
cally, H. L. Colby and F. A. Westbrook. Heat., 
7 and Air Conditioning, vol. 3, no. 11, Nov. 
1931, pp. 933-936, 4 figs. In addition to piping 
heating and process steam, system described 
supplies high-pressure steam for testing and 
development of various pressure- regulating de- 
vices; arrangement of equipment and piping for 
accomplishing these purposes. 

STEAM POWER PLANTS 

Coat HANDLING. Coal 
Plant. Power, vol. 74, no. 23, Dec. 8, 1931, pp. 
832-834, 5 figs. Coal handling systems consist of 
various combinations of certain equipment types; 
economy in investment and operating charges 
controlled by simplicity of system design and 
reduction of moving machinery to minimum; 
importance of reliability, which is function of 
maintenance and repair. 


HIGH PRESSURR—GERMANY. Aus dem betrieb 
eines Hochdruckdampf-Kesselhauses (Operating 
Data of High Pressure Boiler House), M. Schulze. 
Archiv fuer Waermewirtschaft, vol. 12, no. 12, 
Dec. 1931, pp. 357-358. Difficulties experienced 
with corrosion and scale, wear of coal pulver 
izers, dust and sulphurous acids in flue gases, and 
their elimination. 


PowWER AND Process. Lucky Strike Factory 
Gets Cheap Power by Combined Generation and 
Purchase, L. H. Morrison. Power, vol. 74, no. 
22, Dec. 1, 1931, pp. 780-785, 6 figs. Design, 
construction, and operating characteristics of 
power plants to be operated in parallel with pub- 
lic utilities; layout of steam headers and lead-off 
piping; cross-sectional elevation of plant; steam 
and water flow diagrams; list of principal equip- 
ment. 


Unitep States. Steam-Raising Plant in 
U. S. A. during 1930. World Power, vol. 16, no, 
95, Nov. 1931, pp. 377-378, 381-382, and 384, 
1 fig. Review of advancements made in follow- 
ing: water walls, boiler capacities, water level, 
pressures and temperatures, superheat, and reheat 
control, draft loss, pressure drop, economizers, 
blow-down practice, feedwater regulators, leakage 
and excess air, starting practice, boiler construc- 
tion, trend in design. 


STEAM TURBINES 
PRESENT STATUS. 


Handling in Power 


Etat actuel de 1’évolution 


MECHANICAL ENGINEERING 


de la turbine a vapeur (Present Status of Develop- 
ment of Steam Turbine), P. Dubertret. Tech- 
nique Moderne, vol. 23, no. 21, Nov. 1, 1931, pp. 
714- 721, 16 figs. Special applications; design; 
blades; adaptation to high temperatures; con- 
denser water; dynamic testing, etc. 


STEEL 
Atuoy. See Alloy Steels. 


AUTOMOBILE. Heat Treatment and Manu- 
facture of Small Automotive Steel Parts, E. F 
Davis. Fuels and Furnaces, vol. 9, no. 12, Dec 
1931, pp. 1345-1350, 3 figs. Various types of 
steel which may be used in motor car construc- 
tion, physical characteristics, methods of manu 
facture, and heat treatment employed to put these 
parts in proper condition for incorporation in 
finished product. 

CASTINGS—SHRINKAGE. Contraction Allow 
ance Varies With Conditions, R. A. Bull. Foun 
dry, vol. 59, no. 24, Dec. 15, 1931, pp. 35-36, 1 fig 
Misconception that greater margin for contrac- 
tion must be allowed on castings poured from 
electric furnace steel; various conditions re- 
sponsible for variation in contraction allowance 
needed on different patterns. 

CHROMIUM-NICKEL. See 
Steel. 


HARDENING. Les tapures de trempe (Internal 
Cracks Due to Hardening), A. Sourdillon. Revue 
de Métallurgie, vol. 28, no. 11, Nov. 1931, pp 
631-638. Summary of results of investigation to 
determine origin and mode of crack formation, 
and to develop preventive measures. Before Int. 
Congress for Safety in Aviation, Paris. 

MACHINABILITY. Machining of Steel Is Condi 
tioned by Quality of Metal, H. H. Bleakney 
Iron Age, vol. 128, no. 26, Dec. 24, 1931, pp. 1608 
1609 and 1662, 4 figs. Sources of trouble in ma 
chining operations for which steel maker must 
accept responsibility; best machinability when 
both hardness and ductility of steel being cut are 
at minimum; low hardness is more important 
than ductility; annealed product, with uniform 
lamellar pearlite, means smooth rapid operations 
PROPERTIES OF 
Strength, Plasticity, and 
Steels, J. V. Emmons 
Dec. 24, 1931, pp 


Chromium-Nickel 


Toor Measuring the 
Toughness of Tool 
Iron Age, vol. 128, no. 26, 
1614-1619, 8 figs. Measuring 
strength and plasticity in hardened steels by 
torsion test; properties of typical tool steel over 
wide range of heat treatments; author correlates 
several properties and points out their bearing on 
existing theory of hardness. 


STRENGTH OF MATERIALS 
Sarety Factors. Wege zu einer wirklichkeits 
getreuen Festigkeits rechnung (Methods of 
Strength Computation Consistent With Reality), 
V.D.I. Zeit., vol. 75, no. 49, Dec. 5, 
, pp. 1473-1478, i fig. Critical review of 
practice of permissible working stresses and 
factors of safety in light of results of recent in 
vestigations and tests, with special reference to 
their application to design of machines and 

structures. Bibliography. 


Tuses 


Brass. Bursting Strengths of Cold-Drawn 
Brass Tubes, J. Fox. Mech. World, vol. 90, no 
2340, Nov. 6, 1931, pp. 454-457, 13 figs. Initial 
internal couples and their effect, detecting vari 
ation of stress distribution. 

Stresses. Fliessversuche an Rohren aus 
Stahl bei kombinierter Zugund Torsionsbean 
spruchung (Yield Tests on Steel Tubes Stressed 
Under Pull and Torsion), K. Hohenemser. Zeit 
fuer Angewandte Mathematik und Mechanik 
vol. 11, no. 1, Feb. 1931, pp 15-19, 12 figs 
Theoretical interpretation of test results confirm 
ing Hencky equations. 


VIBRATIONS 


MEASUREMENT. ’ 
Mechanischen Erschuetterungen (Determination 


Staerkebestimmung von 


of Intensity of Mechanical Vibrations), W. Zeller 
Bauingenieur, vol. 12, no. 32-33 Aug. 7, 1931, pp. 
586-590. Development of original scale for 
expressing intensities of mechanical vibrations 
based on relation of power to mass unit; applica 
tion of proposed scale to determination of vibra 
tions in ships, buildings, automobiles, etc. 


Ware R POWER 


Economic Aspects. Water 
Economic Aspects, G. A. Orrok. Elec. World, 
vol. 98, no. 24, Dec. 12, 1931, pp. 1036-1038, | 
fig. Analysis of cost of developing water powet 
in United States; curves show hydro-generation 
costs as affected by load factor and investment 
charges; about 123,000,000,000 kw-hr per year 
may be expected as maximum output from water 
power in United States; table showing costs for 
steam generation of electrical energy. Before 
Third Int. Conference on Bituminous Coal 


Power in Its 





